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INTRPJU,W.T1Qli • 
The importance of soil moisture is realized by the 
con~on observer as his attention is attracted to the suffer-
ing vegetation in time of drought. Its greater importance 
is realized by the few, who have investigated the problem and 
have discovered how intimately the supply of so11 moisture ls 
connected with plant life. The atteffipts to determine the 
relations eXisting between soil and plant have shown that the 
influencing factors are many and that the problem of control-
ling the soil moisture supply is a very complicated one. 
It is generally accepted that the soil may retain 
itts moisture in three different states, namely: hygroscopic, 
capillary, and free or gravitational. These forms differ, 
1 
not in their composition, but in the position which they oc-
cupy in relation to the soil part1c1~s. The hygrosco~ic and 
capi 11ary water eXi st as film forms. They surround the s011 
particle, and are held partly by the attraction of the particle, 
and partly by the molecular attraction of the liquid. The 
hygroscopio film of water is spoken of as the water of conden-
sation or adsorption; the capillary water as that portion of 
the film in which molecular rr.overuent, except for the influence 
of viscosity, is perfectly free and unimpeded. The free or 
grav1tational water is termed that portion ot 80il moisture 
which moves thru the soil unimpeded and percolates away. It 
is the mOisture which is in the capillary state that concerns 
us !tost, inasmUCh as it isascapl11ary water that the pls.nt is 
able to secure most of its supply. 
2 
When rain or irrigation w~ter enters the soil it is 
absorbed principally as capillary moisture. If more water 
falls than can at once penetrate, it runs off the surface and 
is known as 'r~off'. If an over supply enters the soil, it 
percolates away as free or gravitational water. What becomes 
of the amount retained by the SOil, as caJ::illary or fim water, 
is the important matter from the standpoint of the plant. That 
the plant uses large quantities of this capillary or film water 
has long been known, and that considerable quanti ties escape 
from the eoil thru evaporation i8 also known. Evidently 
during seasons of deficient rainfall the amount of water escap-
ing by evaporation is of great importance, and it has been the 
attell'lpted elimination of this loss tl'.ru the use of soil mulches 
that haa formed the moat important fe~ture of the plan of 
mOisture control. 
It haa been commonly believed that the evaporation of 
mOisture from the s01l surface was greatly facilitated by the 
rise ot mOisture thru c~11lary action impelled by the laws 
of surface tension and capillarity. It has been thot that 
this rise could be rather readily controlled by the use of a 
Boil mulch, and that where proper tillage was given to cultiva-
ted crops, this surfaoe evaporation could quite largely be pre-
vented. Recent investigations have created Borne doubta as 
to t~e importance of ra~id capillary rise, aa well as to the 
importance of the soil mulch. Leather of India for instonce, 
denounces the use of the word 'capillary' in relation to soil 
moisture. He saya, Wit is true that surfaoe tenSion ia the 
cause of the retention of water in soils, but the term 'capil-
lary' should be restricted to the case of a liquid completely 
filling a narrow space. In the upper soil, i.e., the aerated 
soil in which our crops develop, this condition does not exist 
end hence the impro~riety of the term 'cap11Jary'." Rotmis-
trov of Russia saye, "the less said about t:r~e capillary rise 
of water the better." Shantz's of the U. S. D. A., and Burr 
of the Nebraeka Experiment Station have shown that under arid and 
semi-arid conditions water does n21 move upwards with any degree 
of rapidity, unless the water-table is close to the surface. 
The view these ~en take 1s almost contradictory tc the old 
idea of capillary ~oveffient of moisture from the lower to the 
Upper soil layers. It is contrary to the theory upon which 
the use of the dry-mulch ~as based. 
The object in carryir.g out the investigation here 
reported has been to determine certain facts which would help 
to formulate the correct idea of moisture movements. The in-
vestigation not only includes a laboratory study of certain 
physical forces at 'A'ork in the soil, but also a careful inve&-
ti£ation of the ~ore important question of soil moisture move-
ments in the field. The investigation is only the initia-
tion of a continued study which is to be made on this queetion 
at Missouri University. 
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PREVIOUS INVESTIGATIONS 
Dalton, as far back as 1796, constructed a percola-
tion gauge, consisting of a cylinder three feet deep, filled 
with soil, arid sunk in the ground to the level of its upper 
edge, arrangenients being made for collecting and measuring the 
water which passed thru. His investigaticn extended over a 
period of three years and from the results he drew the deduc-
tion that 25% of the rain percolated away and that 7570 was 
lost by evaporaticn. 
It is necessary to note here that this mode of exper-
in:ent1ng, which was later adopted by many observers, suoh as, 
~aurice, Gasparin, Dickir-son and Evans, Greaves, Ebermayer~ 
&r.d others, required that the soil forming the drain-gauge 
should be more loose and open in structure than the natural con-
eclidated soil of a field, thus adnli tting a freer percolation. 
Car'e has seldom been taken to include the natural subsoil in 
the percolaticn-cylinder which has generally been filled entire-
ly with a surface soil. The surface of the gauge has again 
not been interfered with, and has s,metimes becoJr.e covered by 
a mase of grass and weeds. The evapora.tion is of course 
greatly increased by the presence of this vegetation. 
- - - -
- - - - - - - - - - - - - - - - - - - - - - - - -
• Ad brief notice of the reaul ts of Maurice, Gasparin, Eberr,ayer, 
an others with a suu~iary ot results obtair.ed at Rothamsted up 
to date, will be found in the Mint:.tes o' the Proceedings of 
Civil Engineers, Se ssion, 1876. 
During 1796 and 1797, Maurice of Geneva carried 
on investieaticna concerning the amount of ~erco1ation and 
evaporation losses of soil moisture. The procedure he 
followed was similar to Dalton's method. Cylindrical iron 
vessels filled with earth were used. The rainfall averaged 
for the two years about 26 inches per annum, 39% of which 
was lost thru rercolation and 61% by evaporation. 
During 1821 and 1822, Gasparin of Orange, South of 
France, carried on experiments somewhat similar to those of 
Maurice, and with an average rainfall of 28 inches per annum 
found that only 20% was lost thru percolation and 80% by 
evaporation. 
Of the results obtained by the Dalton gauges by 
far the moat ex~enaive were those by Dickinson, Nash Mil1a, 
Hemel Hempstead, Herts, commencing in 1836., later continued 
by Evansj and t~cse con~enced by Greaves at Lee Bridge in 1851, 
and oarried on to the present time. 
discussed later. 
Greaves' works will be 
Dickir:son and Evans employed two drain-gauges con-
Sisting of cast-iron cylinders 3 feet in depth, and 18 inches 
in diameter. One was filled with the surfaoe s011 of the 
neighborhood, the other with fragments of cha1kj both bore a 
growth of grass. During the first eight years of the experiment 
which was conduoted by Diokinson, he found that 42.5% was lost 
- - - -
- - - - - - - - - - - - - - - - - - - - - -
• Results for the first eight years are reoorded in the Hourna1 
of the Royal Agricultural Sooiety, 1845, p. 150. 
thru percolatic·n and 57.5% by evaporation which included that 
due to vegetative growth. 
8 years was 26.61 inches. 
'I'he averat'e rainfall during the 
Evans, 1860 to 1873, continuing the work of Dickinson 
found even more striking example of the disturbing action of 
vegetation than those of Grea.ves (note Greaves works below). 
The average rainfall during fifteen years was 25.55 i nches. 
The sum~er drainage from the turfed 60il averaged 0.35 inches, 
the evaporation 12.12 inches. The winter drainage was 5.28 
inches, the evaporation 7.85 inches. In the whole drainage-
year the average drainage was 5.58 inches, the evaporation 19.97 
inches. The sum~er evaporation, however, aotually ranges from 
7.59 to 16.09 inches, and that of the whole year from 13.20 to 
26.55 inches. 
Lawes, Gilbert, and Warington· say, "that this wide 
range in the amount of evaporation was in ~art due to the insuf-
fioient supply of rain. The full eva~oration power of the 
turf has ~ erhaps not yet been shown, the whole of the rainfall 
havine; been evaporated even in the wettest summer of the fifteen 
years. In these experiments the distribution of the rain has 
a marked effect on the amount of drainage. Rainfalls not 
sufficiently heavy to penetrate the turf are probably evaporated 
While those passing the turf appear, more or less, as drainage." 
In the percolator filled with chalk, the average annual 
drainage was 8.79 inches, and the evaporaticn 16.76 inches. 
- - - - -
- - - -
• Journal Royal Agricultural SOCiety, Sere II, 17, p. 55. 
The soil no doubt being leas cOllipact in this case and the growth 
of grass being more vigorous than in the percolator filled with 
arable soil, the drainage was therefore naturally larger and the 
evaporation less. 
During l867 and l868, Risler of Caleves, near Nyon, 
Switzerland, by using gauging drains 1.2 meters (about 4 teet) 
deep} rilled with co~pact and impervious subsoil, the land 
being cropped as usual during exp€r1ment) round that 30% was 
lost thru percolation and 70% by evaporation. The evapora-
t10n included that due to plant growth on the surface. The 
average rainfall was 41 inches per annum. 
Greaves'· drain-gauges consisted of two square boxes 
made of elate, 3 feet in deptb and 3 feet square; one of tbese 
was filled with sand (euch as is employed for filter-beds, 
passing thru a screen of 33 #10 wires in 6 inches) to within 
2 inChes of the top, the other with a m1xture of soft loam, 
gravel and sand, trodden in and turfed. He had also a gauge 
for measuring the evaporation from a water-surface, consisting 
of a tank one foot in depth, and having an area of one .quare 
yard; this tank was kept afloat in a flowing stream. The 
tank contained a tew inches of water, the rise oT fall of whlch 
was asoertained from time to time. It is to be noted that 
Greaves' investigations were und~rtaken from an engineering 
rather than from an &gricultural viewpoint and are interperted 
as such. 
- - - - - - - - - - - - - - - ~ 
- - - - - - - -
• Minutes of the Proceedings of the Institute of Civil Engineers, 
session 1876. p. 53. 
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Greaves' results respecting, Drain-
age and Evaporation 
Average of 14 years, 1860 - 1873. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ -I I Draina e Month Rainfall Sand Turfed. ___ .~E~J~oFati~o~n ______ _ i soil Sand Turfed Water soil ---1 -1~che; ~n~h~s- ~n~h;S ~n~h~S-
Jan. 2 • 8 70 ~ 2 • 734 2 .029 0 • 1. 36 
Feb. I 1.596 I 1.524 1.0851 0.072 
March { 1.936 I 1.605 0.879~ 0.334 
April J 1.428! 1.117 0.2751 0.311 
May I 2.056 I 1.656 0.105 0.400 
June I 2.205 1.572 0.156 0.633 
July ~ 1.774 I 1.212 0.013 0.562 
Aug. ~ 2.332}. 1.783 0.113~ 0.549 
Sept. 9. 2.347 ~ 1.737 0.071 ~ 0.610 
Oct. I 2.730 I 2.402 0.515 ·~ 0.328 
Nov. 2.021 1.963 0.833l 0.058 
~::~e I 2.422
1 
2.173 1. 508 1 0.249 
Year I 25.720 21.478 7.582 4.242 
- - - - - - - - - - - - - - - - - - -
inches 
0.841 
0.511 
1.060 
1.153 
1.951 
2.049 
1.761 
2.219 
2.276 
2.215 
1.188 
0.914 
18.138 
inches 
0.761 
0.603 
1.065 
2.098 
2.753 
3.142 
3.443 
2.850 
1.606 
1.056 
0.707 
0.574 
20.658 
The mass of sand Which f11ls one of the ~eroolators 
supp1:es an extreme exanl~le of a soil of the lowest water-
holding and oapil1ary power. The rain passes thru it without 
hindranoe, and but little water is evaporated from the surface 
even in the height of summer. In the whole year the quantity 
calculated as evaporated amounts to but 4.242 inohes. The 
true amount of evaporation i8 probably greater than th1s, how-
ever, as it i8 not very uncommon for the drainage from thie 
gauge to exceed the rainfall, ow1ng, as Greaves supposes, to 
condensation of water directly trom the atmosphere. This 
excess of dra1nage over rainfall occurs moet frequently in 
Janu~ry and February. 
On the turfed soil the amount of evaporation from Jan-
uary to March is vcry similar to that observed on the bare soil 
at Rothamsted tnote later data in regard to Rothamsted results); 
but trom April to September - the growing season of the grass -
practically no drainage takes place, nearly the whole of the 
rainfall being evaporated. Drainage-water was indeed 001-
lected in July and August only on two, 1n June on three, and 
in May and September on four occasions durinJ the fourteen 
yesra. The average amounts of water evaporated from the turf 
during summer, winter, and the whole year, namely, 11.409, 
6.731, and 18.123 inches, are very similar to those of Rotham-
ated, probably because of the very moderate amount of rainfall 
6upplie1i to the 130il. In the wet summer of 1860, 15.608 
inches were evaporated by the turf in six months; and the wet 
season of 1872, the evaporation during twelve months reaohed 
25.141 inohes. There is thus but little constancy in the 
amount of evaporation, whioh depends largely on the amount 
of rainfall, and on the activity of the vegetation. With a 
heavier rainfall we should doubtless obtain more constant 
figures. 
The figures representing the evaporation from a 
water surface are full of interest. The average summer evap-
oration is 15.892 inches; that for winter, 4.766 inches; the 
total for the year 20.658 inches. The amount of variation 
is oonsiderable. In 1862 the annual evaporation was only 
17.332 inches; in the hot season of 1868 it reaohed 26.933 
inches. There are some obvious reasons why the evaporation 
10 
from a wat~r surface should be more variable than that from a 
bare eoil. On a water surface sunshine ~~d wind must always 
produce their full effect, while on soil, evaporation receives 
a check as soon a ~3 the surface is dried. Another disturbing 
cause in Greaves' det ,2rminations has been variable condensat ion 
frem the atmosphere, making the winter evaporations a~~ear low-
er than they really are. 
Greaves found that in the ga.uge containing a mixture of 
soft loam, gravel and sand, trodden in and turfed, for a period 
of 22 ye~a, with an average rainfall cf 25.8 inches that 29.8% 
was lost by percolation and 70.3% by evaporation. Th3.t for 
the similar gauge containing sand, during a period of 14 years 
and with an average rai~fall of 25.7 inches, 83.6% was lost 
by percolation and 16.4 by eva;oration. 
Ebermayer of Bavaria rW1 a series of experiments 
during the 12 months, March 1868 to February 1869. His 
gauges consisted of Zinc cylinders, with an area of one square 
foot, and I, 2, and 4 feet (Fr.) deep, fille d with adjacent 
soil and exposed to air and rain for sometime to acquire normal 
phYSical characters. He found the following results: 
Percentage of Percolation to Rainfall 
Open ground, bare .•....••• 54 
Forest, without litter •.•. 57 
Forest, with litter •.....• 74 
1 foot 
deeo 
{Fr.) 
2 feet 
deep (Fr. ) 
50 
77 
3 feet 
deep (Fr. ) 
53 
60 
It might be noted in regard to Ebermayer'a work in 
:::rder to show how d1fficult it is to imitate soil in its natural 
condition, that he attempted to fill, by calculation, a number 
of tubea, 5 feet deep and 2 feet in di~er, with the soil of 
the immediately adjoining field in its exact natural condition. 
After putting in 3 teet of soil, pouring a great deal of water 
thru, and applying areight of more than one ton for many months, 
the 8011 had not sunk down to the 3 feet by about 6 inches. 
It is almost impossible by artificial means to compact a soil 
like a natural one. 
Ebermayer quotea Woldrich as having determined the 
amO\Ul.t of percolatl ·on (2 feet deep) thru turf, and thru bare 
ground, at Salzburg and in the neighborhood of Vieana. At 
Salzburg the percolation was 
In May 25.2% leaa thru turf' , 
In June 53.1% " " " In July 23.4% " " " , In Aug. 29.3% " II " In Sep~ 12.7% 
" " " • 
The difference was the least in January. II! May, both at Salz-
burg and at Vienna, more than twice as muoh percolated thru bare 
earth as thru turf. 
at Salzburg 
From June 16th to 30th there percolated 
2.12 inohes thru bare eartb, 
0.02 inches thru tuxf. 
The maximum difference was in June and July, and less in autumn 
and Winter. Ebermayer concluded th~t in the summer balf-year 
forest so11 was the m018t~8t, bare, open ground les8 moist, and 
turf the driest. 
The Rothamsted gauges otfer a marked step in advance 
in studying the percolation and evaporation question of soil 
mOisture. They differ from those of Dalton, a8 well as all 
previous observers. in oontaining undisturbed SOil, and as Mil-
12 
ler* says in commenting on them, "soil which has b2en put into 
cylinders and subjected to the action of rain, will no doubt, as 
time goes on, acquire a more and more natural condition of con-
solidation, but we cannot know when t~is deslreab1e condition 
is completed and can only take it for granted after a consider-
able time. The Barnfield gauges are free from this disadvantage, 
and as a means of measuring drainage which is what they were 
mainly intended for, leave very little to be desired. As 
regards, however, the relation of the constituents of the drain-
age to those of the SOil, our knowledge must always be somewhat 
imperfect, since it 1s obviously impossible to obtain exact ee-
timatea of what the soil originally contained." 
In the summer of 1870, the three drain-gauges were 
established at Rothamsted. Each gauge consisted of an area 
of l/l,OOOth of an acre. The 80il was undermined at the de-
Sired depths (20, 40, and 60 inches, respectively) and perfor-
ated iron plates were inserted beneath the so11 to support it 
as the undermining proceeded. When this was completed, 
trsnches were then ~ade on the other three sides of the blocks 
of soil, and these were then isolated by means of 4t inch brkck 
w2~lls . 
Miller reports that the a.verage yearly &.mounts of water 
percolating thru 20, 40, and 60 inches of soil are very similar 
and amount to about 14 inches, or ap~roximately 50% of the 
rainfall. The results obtained with the 20- and 60-inch 
gauges were nearly identic~l;while the 40-inch gauge yield9 on 
- - - - - -
- - - - - - - - - - - - - - - - - - - -
• Rothameted Memoirs, Vol. VIII, 1902-1912, p. 377. 
the average nearly one inch more drainage than the others. 
At Grignon, near Paria, experiments similar to Greaves' 
were conducted between the ye~rs 1892 and 1897 by Deherain· in 
a number of gauges (20), which consisted of cement tanks into 
whic,h the excava.ted soil of the si te had been refilled; the 
surface and sub-aoil being placed in the tanks in their natural 
relative positions. The soil of several of these gauges was 
maintained fallow, whilst on the majority various crops were 
cultivated. The effect of these orops on the amount of drain-
age varied~ but in the year 1896-7, of which the quoted records 
are the most complete, the amo~~t of drainage water was from 
about three-fourths down to one-half of that from the fal10-
gauges. Thus at Grignon the effect of the crop was very much 
lese mrked than in Greaves' experiment. 
Wollny*· in 1894 found, in experimenting with soil 
from 5 centimeters to 30 centimeters deep, that the amount of 
drainage diminished with the depth of the 8011 up to a certain 
point (15 centimeters of soil) and then increased. The per-
centage increasing considerably with the depth of the so11 up 
to 20 centimeters and then remaining fairly constant. 
Four gauges for the measurement of the amount of 
water which percolates thru agricultural land, were constructed 
by Leather··· of India at the Cawnpore Agricultural Experiment 
Station in 1903~ and four similar gauges at the Agricultural 
Research Institute, Pusa, in 1906. All of these gauges were 
similar to those at Rothamsted, and consisted of blocks of or-
- - - -
- - - - - - - - - - - - - - - - -
• Reported by Leather~ Memoir of the Dept. Agrio. Chem. Series 2, p.79 
•• Frem WollnY'Q Forsohuneen, 16, 1-14 • 
••• M 
emoirs, Dept. of Agric. of India, Chem. Series, 1, No.5. 
dinary agricultural land measuring l/l,OOOth of an acre super-
ficially. They were isolated and walled in, and "false 
bottoms" inserted beneath them; at each station two gauges are 
3 feet deep and t~o are 6 feet deep. Apparatus below the 
gauges was constncted to collect and measure the drainage water 
coming thru. It is noted, that in addition, the gauges at 
Pusa have overflow pipes connected to subsidiary tanks to take 
off ·surface" drainage, which is thus measured separately. 
Up to 1911, Leather· reports, that, (a) the amount 
of drainage and evaporation in India exhibit the same char-
acteristics th~t have been met with at Rothamet;3d, namely, the 
quantity evaporating is nearly independent of the season, 
whilst the draina~e varies with the rainfall; (b) one effect 
of a crop ia to reduce the amount of water evaporating fro~ 
the surface soil, and the Indian records have provided an es-
timate of this protective effect. A good crop, whilst it-
self transpires large amounts of water, will reduce 10G6 of 
moisture in this manner to two-thirds or one-half of what it 
would be from fallow land; (c) the evidence of the Indian records 
goes to show that the water descending during wet weather passes 
very uniformly thru the soil and not chiefly by means of "larg-
er channels" as has been commonly supposed. 
At Cawnpore, India, for a five-year period, 1904-8, 
and with a rainfall of 31.4 inches, Leather found 38% of the 
rainfall percolated away, whilst 62% evaporated, from the 6-foot 
gauges. In the case of the 3-foot ga~ges for the same ~, eriod, 
42.9% Was percolation 109s and 57.1% evaporation lose. 
- - -
- - - - - - - - - - - - - - ~ - - - - - - - -
• MemOirs, Dept. of Agrl. of India, Chem.Series, Vo1.~#a. 
At Pusa, India, for four years, 1906 to 1910, with an average 
rainfall of 42.41 inches, the mean percolation was 24. 6l~1o of 
the rainfall and the mean evaporation 68.12% for the 6-foot 
fallow gauge. For the 3-foot fallo"w gauge the mean perco-
lation was 29.50% and the mean evaporation 67.38%. 
At Cornell University·, Ithaca, N.Y., a system of 
cement tanks has been constructed. Each tank is about four 
and a half feet sq";.'.a.re and four feet deep. The tanks are 
sunk in the ground and a sloping bottom is provided, with 
a drainage channel opening into a tunnel beneath and at one 
side. As the tanks are arranged in two parallel rows, one 
tunnel sur'fices for both. The sides of the tanks are 
treated with asphaltum in order to prevent solution. Ow-
ing to this method at construction the soil was placed in the 
tanks. This caused a disturbance of its struotural condi-
tion which of Course will ma«e the rate of flow and composition 
of the drainage water out of acoord with field conditions for 
a number of years. Such an experiment must necessarily be 
one of long duration. The results obtained have not been 
reported, exce~t for a few analysis made upon the drainage 
water. 
- - - - - -------
• S . clence, N.S~r., Vol. 29, No. 746, pp. 621-823. 1909. 
Investigations concerned with the Action of C~illarity 
Num3rous determinations of the capillary rise of 
water in dry solls have been made by various investigators in 
the United States, as well as in foreign countries (England, 
Germany, India, and others). Loughridgets* studies on the 
California soils are among the best of those made in the United 
States. In his investigations which included adobe and silty 
soi1a. he found that the capillary rise in no case exceeded 
50 inches, even at the expiration of 200 days. 
King·· in 1889 in investi?ating the capillary movement 
of water in a moist sand resembling quicksand, which underlies 
the Wisconsin Experimental Farm, found a very appreciable capi1-
lary movement of water upwards. The columns of soil were 
placed in water, the water-level being regulated at 1, 2, 3, 
and 4 feet from the surface. King found water to pass up-
w~'ds at rates varying from 2.37 pounds to 0.9 pounds per 
square-foot per day. 
King··· in results from~ter ex;eriments discusses 
the data of certain investigations in which soil columns 10 
feet long and with a oross seotion of 0.04611 square feet made 
of water-tight galvanized iron tubes, were exposed to drying in-
fluenoes for 314 days, at the oonolusion of whioh time the loss 
of water appeared to be felt slightly at 10 feet from the sut-
faoe. He saye, Wit is oertain that a drying of these soils 
had taken'plaoe thru a depth of 10 feet and henoe the moisture 
- - - - - -
• California Agri. Exp. Sta. Report, 1892-3-4, p. 91 • 
•• Wisoonsin Agri. Exp. Sta., Sixteenth Annual Report, p. 203 • 
••• Ibid., p. 219. 
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10 feet below the surface of the ground may become available 
for vegetation purposes at or near the surface~ Briggs and 
Lapham in commenting on the results, say, "King's results do 
not ahow the capillary limit of the soil that he had under 
1nvestiga~~n, but show only that the capillary limit exceeded 
the length of the soil column used.- King, also, remarks 
in the discussion of his results, "that it does not follow neces-
aarily from the experiments recorded that the upward movement 
here found was due to capillarity alone as it may be found that 
internal evaporation takes place in eoi1s allowing water to 
pass up thru the soil pores of drier soils by gaseous diffusion 
and condenses on the colder soil grains higher up." 
King- in 1905 determined the evaporation in the open 
from soils supplied from below with a conetant water-supply, by 
means of large cylinders four feet in diameter and two feet deep. 
A shelter was con struoted within the cylinders containing a 
device which automaotically recorded the rate of ev~por~tion. 
He obtained the following results: 
S01l Total for Mean per Mean per 
season day day 
Inches Inches lbs. per sq.ft. 
- - - - - - - - - - - - - - - - - - - - - - - - - - -- -
Goldsboro, N.C. Norfolk 
Sandy Soil .... 23.920 0.212 1.100 Upper Marlboro, Md. , 
Lancaster, 
Norfolk Sand .. 27.270 0.192 0.980 
Pa. , Hagers-
Janesville, 
town Sand ..... 21. 740 0.153 0.796 
Wis. , Janes-
ville Loam . . . . 25.260 0.180 0.938 
- - - -
- - - - - - -- - - - - - - - - - - - - -
• U.S.D.A., Bur. Soi18, Bul. 26. 
Stewart· in investigating the capillary limits as to 
the height of rise in dry and moist Michigan soils, found this 
limit to be much greater where the soil was damp. 
Briggs and Lapham·· found in comparing the evaporation 
from tubes of different lengths (85 and 165 centimeters, respec-
tively) of Sea Island soil, that the ehorter column showed over 
5 times as much eva~oration as the longer column 1n a period of 
42 days. 
Wollny*·· has shown sand with 9.5% of moisture to 
raise mOisture from a water-table one-half higher in six days 
than !ld the same sand dry. 
Buckingham···· In his studies on the movement of 
soil mOisture, says, "when a moist solI dries by contact with 
the air above it, the 1069 of water is by evaporation close 
to the surface, the amount lost by direct evaporation ftom 
points several inches below the surface being, 1n general 
negligible. As the surface solI dries out, a moisture gra-
dient is established, and the dry surface soils draws up water 
from the moister below by capillary action. If this capillary 
flow of water be prevented or lessened, as by the use of a mulch, 
the escape of water is decreased, because the evaporation has 
on the whole, to take pace from farther below the surface, so 
that it encounters greater resistance and is slower.-
Leather····· after making a number of measurements 
showing the amount of water evaporated from the soil at Pusa 
- -
- - - - - - - - - - - - - - - - - - -
• Reported by Briggs & Lapham, U.S.D.A., Bur. Soils, Bul. 19,p.26 • 
•• Ibid., pp. 24-25 • 
••• Reported by ~n, Fippin, Buckrr:an, SOils, Their properties 
and Management, p. 226. 
•••• U co 
•. :>.D.A., Bur. Soils, Bul. 38, p. 18 • 
. *... Memoirs, Dept. Agri. of India, Vol. 1, #6. 
in Bengal, India, during a dry season, concludes in substance, 
1. Showers effect surface only. 
2. Rate of loas decreases as the depth increases, 
but the want of unifJ:omi ty of the soil makes 1 t 
impossible to get an expres6ion showing the rate 
of loss. 
3. Water moves upward from a limited depth only, 
none coming from the seventh foot. 
1au~ 
Alway and Clark*recentlyAdone Bome work regarding the 
movement of water in eoils, at North Platte, Nebraska. 
work consisted of five experiments to determine, 
1. The upward move~ent of water from moist soil 
into drier soil. 
2. The downward movement from moist soil into 
drier s01l. 
3. Tne 108s from saturated soil in contact with 
the natural subsoil in situ. 
4. The unward movement in a column of eoil pro-
teoted from 10S8 below and at the sides, but 
fully exposed to evaroration at the surface. 
5. The downward movement of water applied to the 
surface of an air-dried soil. 
Their 
From the results of their work they conclude that when the 
water content was below 10%, the oapillary movement of moisture 
in any direotion was slight; but when some of the s011 with a 
moisture content above 10% was placed in contact with the same 
80il containing only the maximum hygroscopiC moisture, there 
was praotically uniform movement of water from all parts of the 
former into the latte~, - except that immediately adjoining 
the drier soil the change was much the greatest. The 
higher the water oontent the greater was the movement of water. 
!hen soil with a moisture oontent of approximately 12% was 
freely exposed to evaporation from the surface no loss by capil-
lary movement ocourred to a depth of 30 inches until atter the 
third week, but by the end ot 11 weeks the lose from this depth 
- - - - - -
- - - - - - - - - - - - - -
• Nebraska EXp. St&., 25th Annual Report, pp. 246-286. 1912. 
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amounted to 1%. 
Rotmistrov* according to evidences from the Odessa 
Experiment Field, Russia, states, "that a wrong impre~9ion 
exists regarding the circulation of w::.; ter in an upward direc-
tion - the impression that water can rise to the surface from 
the deep layers ot the soil by capillary action (deep layers 
meaning those the water of which is inaccessible to the roots 
of plants unless it is raised)." He contends, "that the 
limit from which water can make its way upward by capillary 
action lies much higher than the limit acceasible to roots. 
EXperiments at the Odessa Field showed th;,;.t upward movement 
by capillarity in a dried soil proceeded very slowly and 
was observed only when the bottom of the pile of soil was sunk 
in water. It is difficult to say how the upward transfer-
ence of water is carried on in the soil under conditions of 
a non-saturated soil and in the absence of an available souue 
of water in the vicinity, but there is one thing that tells 
in favor of the movement taking place in a state of vapor and 
not in the state of liquid drops, and that is, the fact that, 
in a strict sense capillaries do not exist in the soil. When 
the soil is not fully saturated with water a certain proportion 
of the interstices between the particles are filled with air, 
and the other with water, - in consequence ot whlch water is 
found in the form of separate drops cut otf from one another 
by air. If an upward movement appeared in a significant 
thiCkness of so11, that movement could only contain the more 
mObile parts, e.g., the alrj arid the drops of water would re-
- - - - - -
- - - - - - - - - - - - - - - - - -
• Nature of Drought, p. 16 t. 
main where they are, or because of their weight sink downward • 
...... ..• all these considerations, and absence of facts to the 
contrary lead to the conclusion that an upward movement of 
water only goes on in soils saturated with waterj whereas, 
those in a non-saturated condition suffer a 1089 of water 
wherever a drop lies, by evaporation into the air surrounding 
ths.t drop. For this reason the loss of wat3r in the eup~r-
ficial soil layer goes on very slowly even when the layer is 
in a compact condition." 
Alway· after careful study in regard to the circula-
tion of non-available waier~1~the hygroscopic coefficient 
concludes, "th~t the loss of water from the subsoil of dry 
lands under crop seems to take place almost entirely thru 
transpiraticn. In the absence of plants the loas from the 
subtJoil is small. The stored moisture of the diff 'rent depths 
of subsoil in the field becomes available to plants by the roots 
being developed into these depths, but little moisture being 
elevated to the roots by capillarity •••.•... The amoun t of 
water retained by a soil saturated in pots or cylinders i8 far 
in excess of the amount retained by a similar soil saturated in 
a field where the water-table is at a considerable depth below 
the surface as in ordi~ary dry-land.-
Burr·· of the Nebraska Agricultural Experlffient Sta-
tion after making a study ot the problems relating to a gre ~ter 
Use of the water that fa.lls upon the land in \'.'estcxn Nebraska, 
concludes along with other conclusions, the following: 
- - - -
- - - - - - - - -
• ~;eb. Agri. Exp. Sta., Reaearch Bul. 3, p. 121. 
•• Ibid., Re search Bul. 5, PI>. 9-10. 
1. That capillarity ie an effectual agent 
within certain limits, when operating close 
to a supply of free water~ It may be an 
important factor in crop production where 
sheet water is close to the lower limits of 
the soil zone occupied by the roote of the crop. 
2. Away fro~ a source of free water &nd in a 
60i1 ~artia11y dry, capillary ~oveffient has 
not been detected. 
3. Water supply by capillarity is not an impor-
tant factor in crop production on Nebraska 
upland eoi 1e. 
He, aleo, states, "that the n~vement of water thru the 60il by 
capillarity is eo slow that it is practically useless in 
bringing water from a lower soil a,rea for the use of a grow-
ing crop. The rapid use of water by crops, especiE1.11y 
during seasons of drouth and increased transpira.tion, requiree 
rr:ore Via ter than can be supplied by capilla,ri ty. Plants 
will suffer and die under extreme conditions after having 
used the availa.ble water within reach of the roots, even tho 
there is additional water in the soil immediately below~ 
Shantz of the U.S.D.A., Bur. of Plant Industry, 
stated in a lecture during the Summer School Ses6ion of 
Missouri Universi ty, 1915, "that soil moisture 1n these eol1s -
referrine to the soils of the dry land regions - does not 
~Ove upward, as we have hitherto supposed unless the ~ater-
table 1e very close." Dr. Shantz found in hie investigo.ti (InB, 
that wheat had utilized the so11 moisture to a depth of 
four and one-half feet and that at the time observations wer e 
~ade, the soil moisture below this devth was higher than thEl.t 
in s011 in which the roots had been feeding. 
"if ther e is anything in the old ideas we have fondled re-
garding cal} ilJ~!..Y_~EES.!1 the moisture in the 60i1 at depths 
23 
of five and six feet would have moved upwards to give equal 
distribution, but this was not the case." 
24 
-
Of all the problems th,it have to do wi th a study of 
the relation between water and soil, probably the question of 
surface drainage is the most variabJe and the most diffioult 
to determine. The factors that go to control it are of such 
a character, thc.t it is impossible to find the exact an.oUIlt. 
However, this is no reason for entirely neglecting the possibil-
ity of measuring its magnitude, especially when such an esti-
mate is made under well controlled conditions. 
Up to the present time, it is not known that any 
experiments have been attempted by which the actual percentage 
of run-off from land under definite treatment has been deter-
mined. Many rough estimates have been made of the percentage 
of surface drainage and the amount of surface erosion it may 
thereby oause. Geologists for a number of YE-ars have estimated 
the peroentage of run-off from large drainage areas, and have 
oa1culs..ted how lone it will take the mountains, plateaus. c...nd 
plains of the earth to be worn down to sea level. 
The per cent of rainfall leaving the land as run-off 
and discharged by rivers varies with the areount and rapidity of 
the rainfall, the slope of the draina.ge area, the texture of 
the soil and mantle rock. the vegetat1ve gowth present. and 
other faotors. Norton* of Cornell University says, "with an 
ar.nual rainfall of fifty inches in an o[. en country, about 50% 
is discharged; while with a rainfall of twenty inches only 15% 
1s discharged, part of the remainder being evaporated, and part 
- - - - - -
- - - - - - - - - - - - - - -
• Ele~enta of Geology, p. 55. 
passing underground beyond the drainage area. Thus the 
Ohio discharges 30% of the rainfall of its basin, while the 
Missour1 carries away -but 15%. A nULtlber of the etrearr.s of 
the semi-arid lands of the West do not discharge mere. than 
5% of the rainfa11. W 
The late Dr. Hilgard· of the University of Ca1ifor-
niE.., says, Wthis portion (the run-off) of the disposa.1 of 
rain may range all the way from nothing to almost totality, 
according to the nature of the soil and the condition of its 
surface ••...... W 
TOUllley·· states that, Win the San Bernardino n,oun-
tains in southern Californ1a, the first rainfall (in Decem-
ber) was absorbed to the extent of 95% in forested areas, 
against only 60% in the non- forested; but that later, after the 
so11 had been partially saturated, 60% only was absorbed in the 
forested land, against 5% in the non-forested. While it is 
generally adniitted that foreste diminish the run-off, Rafter··· 
contends that in New York @tate the reverse is true. w 
Leather···· in hi s evapora.tion and drainage studies 
bas tried to make a study of the surface drainaee from his 
gauges. During 1909 with a rainfall of 46.23 inches, he 
obtained the following 
No. ef Gauge Condition 
- - - - - - - - - - -I ~6 ft. ( Fallow II 6 ft. ( Maize III (3 ft.) Fallow IV (3 ft. Maize 
- - - - - -
• SOils, p. 216 • 
•• Ibid., p. 216. 
. *. U.S.D.A., Yrbk., 
•••• Memoirs of Dept. 
-
results: 
An:ount of Surface Percent of Rainfall 
drainage 
- - - - - - - - - - - - - - - - - - -8.32 w 18.0 
1.24w 2.7 
5.35 w 11.6 
4.21w 9.1 
- - - - - - - -
Aleo, U.S.D.A., Yrbk., pp. 279 f. 1903 . 
p. 287. 1903 • 
Agri. of India, Chern. Series, Vol. II, #2. 
Leather emphasizes the pOint that the surface drainage from 
land is not nearly as large as the usual practical agricul-
turist estimates. However, it will be observed from the 
results obtained in this investigation that Leather has no 
dcubt underestimated this loss, and that the loss o.ue to sur-
face run-off is a very important factor, as least when the 
matter of erosion of the valuable humus layer is considered. 
ROdhouse* in his preliminary studies on the water 
resources of Missouri, has obtained some very interesting 
results on drainage areas of considerable size. He found 
that Grindstone creek near Columbia, Missouri, with a water-
shed of 14.7 square miles during 1910, with a rainfall of 
42.22 inches, bad a total run-off of 15.74 inches, or a 
ratio of run-off to rainfall of 37.3 per cent. Alao, 
during the first six months of 1911, with a rainfall of 13.05 
inches, a run-cff of 3.33 inches resulted, or a ratio of run-
off to rainfall of only 25.5 per cent. In studying the 
monthly discharge of Current river at Van Buren, Missouri, 
from August 25, 1912, to November 30, 1914, with a drainabe 
area of 1812 square miles, he found th~t the ratio of run-off 
to rainfall during this period was 21.48 per cent. 
- - -
- - - - - - - - - - - -
* Mo. Engr. Exp. Sta., Series 15, No. 33, pp. 11 and 27. 
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PLAN AND SCOPE OF INVESTIGATION. 
-~~. -.~--.... -------.~- _. ~--- -.~
The plan of the investigation here rer:orted includes 
a study of the per cent of water penetrat10n l runoff, evar:cration, 
percolation, and amount of erosion, taking place uncEr field con-
ditions, with cultivated and uncultivated land. Also, a 
study of the capillary movement in ~ eva~oration, as well 
as how soil moisture is effected by the force of gravity. 
A part of the investigation was carried out under 
laboratory and greenhouse conditions l while the major part 
Was carried out under actual field conditions and surroundings. 
The laboratory experiments consisted of a study of 
the depth ot the water-table as effecting evaporation loss and 
capillary rise of moisture in a eoil, and the gravitational 
effects on capillary Dloverr.enta of soil moisture. 
The field experiment consisted of a study of the 
per cent of water penetration, run-off, evaporation, percol-
ation, and amount of erosion, taking place upon four definite 
areas of grouDd(two of which were enclosed) under field con-
ditions and subject to cultivated and uncultivated treatments. 
A study was made of the moisture movements from the time the 
water reached the soil as rain, until it lett the soil as an 
unabsorbed excess - run-off, or as gravitational water - perco-
lation, and as water vapor - evaporation. 
In addition aocurate records were kept of the aglOunt 
of rainfall, the wind velOCity, and water-free-aurface eva~ora­
tion at this location during the period of the experiment. 
LABORATORY EXPFRIMl;:1i18 •. 
****'" 
E xp~ ~'j.!!i ~!!~ _1~ 
Depth of water-table as effecting ca~illary 
rise of moisture in the Boil and evaporation 
losses • . 
A study of the capillary rise of soil ltoieture was 
made under as ideal conditions as possible in the laboratory. 
A constant water-table was niaintE..ined at the base of the 60il 
columna and a moist soil was used to begin with, both of which 
ehou:d be in favor of the action of capill~rity. The 10a8 
from the water-table up into the soil columna was determined 
accurately, as well as the loss thru evaporation from the 
soil surface. 
It is realized in undertakin~ a study of this kind 
that many things must be taken into consideration, and that 
wbere only one type of soil is under investigation, it is 
only possible to draw conclusions in a general way as to 60ils 
of different types with varying textures. 110wever, where 
a careful study is made of the ~rinciples und8rlying and the 
factors controlling moisture movements in one type of soil 
with a definite texture, the sarne principles must be more 
or less true in other types. 
R. W. McClure of Missouri Univ:rsity initiated this 
inVestigation thru the advice of Professor M. F. Miller, and 
1s to be given credit for coll~cting the data reported in 
FXperilIlent A. 
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Experiment A. 
P1C1!l_0f' Ex~riJ!1~!l~ -
The method of carrying out this experiment was to 
place a soil in cylinders of various heights, so constructed 
that a permanent water-table could be provided at the base -
thereby furnishing the ffiaximum and ideal conditions under 
which ca;:il1arity may act. The soil was put in the cylin-
ders eo as to represent field conditions as nearly as pos-
sible, and by weighing at intervale and measuring the amount 
of water taken up from the water-table below, the aD'lOunt of 
water being lost thru evaporation could be compared with the 
amount taken into the soil be capillarity from the water-table 
below. 
Accordingly, six galvanized iron cy1ind0rs of the 
design shown in Plate I, and 6 inches in diameter, were 
construot€d, these being arranged in three series 2, 4, and 
6 feet in height respectively. The lower ends were encircled 
by a cylindrical tank, 4 inches high and 10 inches in diameter, 
soldered onto the inner cylinder in such a way that the floor 
of the tank supported the inner cylinder. A screw-cap open-
ing placed at "C" allowed for the addition or measurement of 
water. The lower portion of the cylinder ftAft, which was to 
be filled with soil was perforated with sixteen one-fourth inch 
hOles arranged in two rows of eight each, the rows being one-
half inoh and two inohes from the bottom. This allowed for 
free passage of ~ater from the water-tank "B" into the eoi1 
column, thus providing a permanent water-table. To the top 
of each oylinder were riveted two iron hooks by which they could 
1'Lf\ TE - I. 
Fi<Jo.~" SrPHoN. 
t 
• ~ < J.'. 
be lifted in weighing. 
Since the experiment was started in the late winter 
and the subsoil in the fields was not in a fit condition to 
handle, it was not pos8ible to put soil into the cylinders in 
the actual field condition. It was tr.ot best to use a surface 
soil thruout the whole depth of the cylinders for this first 
experiment, and if striking results were secured, to attempt 
to secure the soil in its actual field condition later. 
The soil used was the surface foet from the plowed 
land just South of the Agricultural Building; it was a silt 
loam containing considerable organic matte!'. As the ground 
was covered with snow at this tiBle it was necessary to dry 
the soil in the greenhouse. About 50 pounds was taken to 
the laboratory to determine the proper amount of water it 
should contain and the amount of tamping necessary to obtain 
a field condition as near as pos~ible in regard to compactness. 
E~) eriment showed that 17% was about the proper moisture con-
tent, so the remaining soil was dried to that per cent, sifted 
thru a 4-mesh seive and thoro1y mixed. It was covered se-
curely with oil-cloth to insure its remaining at this moisture 
content until all cylinders were filled. 
Because of the possibility of the compact soil clog-
ging up the perforations in the lower part of the cylinders, 
a emaIl amount of gravel was placed in the bottom of each, -
enu! to extend above the top of the aecond row of holes. Thia 
allowed for free percolation cf water from the outside water 
tank into the interior cylinder containing the soil. 
The cylinders were 1e ighed empty and with the gravel 
in them. The plan used 1n putting in the soil was to put 
two small scoopfuls into the cylinder, put in the tamp and turn 
it lightly several times to level the 60il then tamp 20 times, 
using a plunge of approximately two inches, and with as nearly 
as possible the same amount of force each time, so as to secure 
uniform co~pactness. 
As the first cylinder in each series was filled it 
was weighed and the amount of soil in it recorded eo that an 
equal or nearly equal amount could be weighed out for the dup-
licate i~ the series. The cylinders were tilled level full, 
weighed, and cloth COVered temporarily to prevent escape of 
mOisture. 
To ench water-tank was imrr.ediate1y added 3,000 cubic-
centimeters of .water, and the total weight of cylinder, soil, 
and water secured. Daily observations were made of the 
height of water in the cylinders to determine the amount passing 
up into the soll column. It was thot that by allowing the cy-
linders to stand thus for about three weeks, the water would 
" ;Itty 
tend to becou,eA equa1ized thruout the duplicates than would be 
the case if the experiment was started at once. The height 
of water in the tanks was measured by means of a metal rod and 
a ~eter-stick. 
After a week the cylinders were weighed to determine 
if any loss of moisture had taken ~lace. Practically no lose 
had occurred, and the height of water in the tanks was not 
noticeably changed. More water was added to each cylinder till 
it stood at a height of 3 5/16 inches. The cylinders were 
again weighed and tightly covered with paraffined paper. 
Daily observations continued to be made regarding 
the height of water, weighings being made at intervals of 
eight days. It was found that the soil column was taking 
up but little more water from below, so the paraffined papers 
were removed and the weighings to determine the moisture loss 
were begun. 
Experiment~l M~~E£§s -
The cylinders were weighed on a platform balance, the 
method of lifting them being by means of a chain and pulley 
supported on a trestle. They were weighed accurately to within 
a quarter of an ounce every two or three daye. After the 
ex;.:eriment had been running a couple of days the soil at the 
surface seemed to shrink in, leaving a slight orack between the 
60il colur.:ns and the cy1indersj cracks also a.ppeared on the 
surface. All of these openings were shallow and were filled 
in by scraping soil from the surface into them and compacting 
with a stick, so that the water would necessarily need to pasa 
thru surface s011 instead of escaping thru soil fissures. 
When the water in the tanks apr-eared to be getting 
close to the two-inch mark the cylinders were refilled, the 
old and new weights being recorded together with the new 
height of water. 
Experlmenta~data -
Tt.e results secured from April lOth, to },fay 19th, 
1915, are as-follows: 
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Table 1. - Inches of Water absorbed by Soil Co1um~ 
No. Series A Series B Series C 
Date of 2-foot Cy1s. 4-foot Cy1e. 6-foot Cy1s. 
days A-1 A-2 B-1 B-2 C-1 c-a 
- - - - - - - - ------- - - - - - - - - - - - - - - -
4/10-4/18 8 9/16 18/32 3/32 3/32 1/32 2/32 
4/18-4/26 8 6/16 11/32 4/32 7/32 2/32 2/32 
4/26-5/3 7 11/32 11/32 1/32 0 0 0 
5/3 -5/10 7 3/16 8/32 6/32 4/32 1/32 1/32 
5/10-5/19 9 6/16 12/32 2/32 6/32 1/32 0 
Total 39 1-27/32 1-7/8 1/2 5/8 5/32 5/32 
No. of cuin. 93.04 94.63 25.24 31.54 7.89 7.89 
No. of ounces 53.84 54.76 14.60 18.20 4.56 4.56 
Ave. ouin.per aeries 93.84 28.40 7.89 
Ave. ouncea per aeries 54.30 16.40 4.56 
Tab1~~_-:. Ounce 8 of !~ 'ter 1Q..§..Lfrol!l-.E.Q..!.1 Co 1 umna. 
No. Series A Series B Series C 
Date of 2-foot Cy1s. 4-foot Cy1s. 6-foot Cy1s. 
days A-I A-2 B-1 B-2 C-1 C-2 
- - - - - - - - - - - - - - - - - - - - -------
4/10-4/18 8 19.75 19.75 12.00 12.50 11.75 11.35 
4/18-4/26 8 7.75 7.50 4.00 5.25 2.35 3.50 
4/26-5/3 7 5.00 5.75 5.35 4.00 2.50 1.50 
5/3 -5/10 7 8.50 8.00 1.75 2.75 3.00 5.50 
5/10-5/19 9 10.50 11.00 4.25 4.00 2.75 2.75 
Total 39 51.50 52.00 27.35 28.50 22.25 24.50 
Ave. ounces per series 51.75 27.88 23.38 
Series Ounce~ Ounces Differenoe 
A l2-ft. CY1Sj B 4-ft.Cy1s 
C 6-ft. Cy1e 
lost taken up 
51.75 
27.88 
23.38 
54.30 
16.40 
4.55 
plus 2.55 
minus 11.48 
rr:inu8 18.85 
35 
PLRTE- IT 
n 
s" 
'IS-
'10 
as 
30 
~ ~ ~~ 
;:t 
~ 
IS 
10 nr "TE~ 
3' 
L oST ~1Ii£" 
Up 
Two fooT COLUlltHS. Fou~ FOOT COLUM~S. SIX FOoT COLUMtIS 
[VF\ POR~TION Los S 
COMP"~£D WITH 
W~TE'~-Tf\BLE Loss. 
Tabl_e.._4 . 
-
Los3 ot Water per Acre per Seri~L:r.or 39 Days. 
Series Depth of Losa of Water 
Water-table in 39 daya 
------- - - - - - - - - - - - - - - -
A la-ft. CYIBl 2 feet 718,750 lba. B 4-ft. eyls 4 teet 387,222 lb3. 
o 6-ft. Cyls 6 feet 324,722 lbs. 
Gener~l~Q~~~vaiio~! -
Table 1 ahows the actual amount of water that has 
passed up into the soil columns, calculated both in terms of 
cubic-inches and of ounces. It is shown that the greatest 
amount haa been taken up by Series A, the 2-foot columna; 
the amount has dropped considerably in Series B, the 4-foot 
columns; and, is still less in Series 0, the G-foot colwnns. 
1:1 Series A, vi' lIe water a~peara to have been taken up most 
rapidly during the first week, still a more or less wliform 
amount was taken up in subsequent weeks. In Series B the 
rate W~9 not nearly so rapid nor eo regular. In Series 
o practically no water was taken up after the first two weeks. 
Ta.ble 2 shows the actua.l .s.mount of water lost from the 
columns by surface evaporation. The loas occurs in the same 
order in which water was taken up, tho not in the same pro-
portion. By far the gres..test amount of evaporatLm has taken 
place in Series A. In all series the gre~test amount ot 
evaporation took place during the first week, a. sharp de-
marcation being noted between the 1098 the first week and 
those thereafter, showin~ that the 6urf~ce 60i1 was drying 
rapidly during th~t time. 
Table 3 shows a comparison of the amount of water 
lost by evaporaticm from the surface and. t~e amount taken up 
from the water-table. It will be noted that in Seri~s A the 
amount of w~ter taken up by the soil column in five weeks was 
2.34 ounces in excess of the amount lost by evaporation, so 
this soil must have been in a slightly more mo@t condition 
at the end than at the beginnine of the experiment, at least 
near the bottom of the col~~. In both B and C series, how-
ever, considerably more had been lost by evaporation than had 
been taken up, - the difference being 11.5 ounces in Series B, 
and 18.9 ounoes in Series C. In Series B the soil had taken 
up slightly more than half as much as it had lost. In 
Series C it had taken up only about one-fifth as muoh as it 
had lost, most of this being taken up during the firat two 
weeks of the experiment which shows that the lower so11 was 
not capl1larily saturated when the water was added in the 
jacket, and that it took up enuf to reaoh c&.pillary e:luilib-
rium in the lower layers, but that very little if any passed 
upward in the entire length of the column. 
Experiment B. 
After the above readings were obtained by McClure, the 
cyliniers wer~ allowed to remain in the greenhouse during the 
S\lmtfier of 1915. Wa t':!r was kept in the tanks at the bottoms 
of the columns to prevent undue evaporation, as well as to pre-
vent the soil colu~s frem becoming dry and hard. 
Expsr .. t~~Ilt~~¥'~!hQ.de -
A little moss WaS found growing upon the surface of 
each of the cylinders on Sept ' mber 25th which was killed by 
a few drops of a dilute solutinn of cop;er sUlphate. It 
was then remove! by scraping the surface and removing approx-
imately one-eighti.1 of an inch of the soil surface. 
In order to insure th:;.t the soil columns would be 
in ideal condition for w~ter ~ovement to take place, each 
colu'1iIl was saturat~1 with water. This was brought about by 
malntainin~ a constant dri;pinz of water onto the col~~n9 for 
several days or until it was observ~d th~t all the columns 
were loosing water thru the opening "C" (see PlateI, fig. 1), 
the cov '.: rin8 of which had previously been removed. As soon 
as the colu.1llns were s3.turated arproximately one inch of W3.ter 
wag reffioved by sipan from each tank. This brought the water 
to the same level in all the tanks, after which, initial 
weighings were made and this second experiment started. 
A different method was used in determining the water 
loaa from the water-table and in the maintenence of a constant 
w::..ter-level, ths.n was used in Experiment A. Siphon as shown 
in Plate I, fig. 2, was used. It w~s marked at "X" showing 
the hei~ht of the water-tables in all the cylinders at the be-
ginning. At each weighing by using a 100 cubic-centimeter 
graduatei cylinjer the proper numbr of cUbic-centimetera of 
water was added to bring the W3.ter up to the mark "X" - the 
initial water-table level. This amount W~9 recorded as the 
amount that had been lost from the water-table thru capillar-
ity. In order to compare this 108S to the evapor~tion 10a8 
it was converted into ounces by using 28.35 cubic-centimeters 
e1ual to one ounce. In the weighing of the cylinders, the 
s ''l.me platform balance (Fairbank t 9) was used as in EXlJerimen t 
A, which was accurate to a quarter of an ounce. After the 
experiment was well underway, readings were ~ade once a week, 
on the s:une day and hour. 
All thru Ex~erimen~ B evaporation readings from a 
free-water-surface were taken. A porcelain jar, ten inches 
in depth snd with approximately the aame surface area as the 
soil columns was used. A pointed steel rod, mounted on a 
square galvanized iron base, was used to indic~te the exact 
height of water surface. The number of cubic-ceJltimet,~r6 
nece~a ~ry to bring the water-level up until the point just broke 
the surface film W~9 recorded as the evaporation lOB S for the 
previous reriod. All r ~ adinga were made a.t the time of weigh-
ing the cylind2rs. The jar was aituat<?d on a. table near the 
soil columns, in order th~t the factors affecting it would be 
t~e 9~e as for the 60il. 
The cylinders occupied the S 2~e position in the 
greenhouse during the entire period. On May 15~h, 1916, the 
greenhouse was whitewashed and the sun's rays excluded to some 
extent. The effect is seen in the lessened evaporation loss 
from the free-water surface on the weck ending May 20th, in 
comp~ri60n with that for the week ending May 13th. 
Alffiost immedi~tely after the experiment W3S started 
the ean:e difficul ty was eX,perienced as in Exs)criment A, in th~t 
the soil at the upp er surface of the cylinders seemed to shrink 
away from the sides, leavin~ a slight crack between the 90il 
and the cylinder wall. Cracks appeared, also, in the surface 
of 60me of the cylinders. All these openings were shallow 
and were filled in by scraping soil from the surface into them 
Qnd compacting with a stick, so that the entire 10s9 of water 
should take ;,:la.ce thru the soil. This had to be done several 
times during the course of the experiment. 
On April 15th, 1916, the surfaces of all the COlUllIlS 
were scraped and a small amount of soil removed from each. 
For sometime previous to thie it w~s noticed that a white layer 
of salts was collecting on the surf .~ce of all the columna, par-
ticularly on tnose of the 2- ~~d 4-foot lengths. 
EXperimental data -
- - -
The following pages contain tables of results 
obtained. 
Table 5. - Ounces of Water abaorbed_bz Soil Columns. 
Date No.of Series A Series B Series C 
days 2-foot Oyla. 4-toot Cyls. 6-foot Cy1s. 
A-1 A-2 B-1 B-2 C-1 0-2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1915 
Oct. 29 Expsri rr: ent started. 
Nov. 13 15 26.38 26.35 0.81 9.77 4.51 0 
ZO 7 5.18 5.17 0 2.57 0 0 
29 9 6.00 7.51 1.80 2.75 0 0 
Dec. 4 6 2.18 3.28 0 0.70 0 0 
11 7 4.62 6.49 1.34 2.15 0 0 
17 6 2.64 3.52 0.95 1.02 0 0 
24 7 
1916 
Jan. 8 15 15.23 17.32 2.43 4.23 0 0 
15 7 3.56 6.56 3.03 2.29 0 0 
22 7 5.12 6.14 0.76 2.12 0 0 
29 7 3.03 4.41 0.95 1.38 0 0 
Feb. 5 7 5.22 7.05 2.05 2.43 0 0 
12 7 5.64 6.46 0.70 1.87 0 0 
19 7 6.98 6.27 0.75 2.29 0 0 
26 7 4.09 7.05 2.57 2.75 0 0 
Mar. 4 7 5.01 5.01 0 0 0 0 
11 7 6.42 7.58 2 . 75 3.52 1.96 0 
18 7 3.24 4.58 0 1.09 0 0 
25 7 5.54 5.08 2.99 3.52 0 0 
Apr. 1 7 5.04 5.29 3.10 3.49 0 0 
8 7 4.69 5.34 2.79 2.71 0.64 2.79 
15 7 3.49 3.49 0 0 0 1.38 
22 7 3.31 2.90 0 0 0 0 
29 7 3.52 4.34 2.61 4.34 0.84 0.90 
lfay 6 7 3.42 4.07 0.39 0.64 0 0 
13 7 5.89 4.30 1.80 1.73 1.00 0.87 
20 7 4.02 5.36 3.40 3.52 2.81 2.05 
27 7 3.10 3.87 0.78 1.37 0 0 
June 3 7 2.89 3.10 1.16 1.38 0 0 
10 7 3.52 1.98 1.62 1.60 0 0 
17 7 3.52 4.94 2.15 1.89 0 0 
24 7 1.98 2.82 1.09 0 0 0 
- - - - - - - - - - - - - - - - - - - - - - - - - - -
'rota1 220 164.37 187.63 44.77 69.02 11.76 7.99 
Ave. ounces per series 176.00 56.90 9.38 
'-
- - - - - - - - - - - - - - - - - -
-- - - - ------
- - - -
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Table 6. - Ounces of Wat e r lost b~ Soil Co 1 um.ll!.:. 
No. Series A Series B Series C 
Date of 2-foot Cy1s. 4-foot Cy1a. 6-foot Cy1a. 
days A-1 A-2 B-1 B-2 C-1 C-2 
-
- --- - - - - - - - - - - - - - - - - - - - - - - - - - -
1915 
Oct. 29 Experiment started. 
30 1 1.50 1.50 2.50 2.25 3.35 1.00 
31 1 3.50 3.50 1. 75 5.25 3.25 2.50 
Nov. 1 1 1.75 1.00 3.00 0.50 2.00 1.00 
2 1 2.00 2.50 0.50 1.25 1.50 0 
3 1 1.75 2.50 0.50 0.25 1.00 3.50 
4 1 1.50 0.50 2.00 2.50 5.00 1.50 
5 1 1.00 1.50 2.50 1.50 
6 1 0.50 0 0.50 1.50 
7 1 0.50 3.50 0 1.00 2.00 1.00 
13 6 6.50 8.50 4.50 4.75 3.00 4.20 
20 7 5.13 6.60 1. 31 2.02 4.01 1.75 
29 9 4.18 5.67 1.25 1.07 0 0.05 
Dec. 4 6 3.75 4.76 3.55 2.75 3.50 5.05 
11 7 2.68 3.28 3.00 3.45 3.90 0 
17 6 3.12 4.49 1.84 1.65 0 0.70 
24 7 6.14 7.S2 0.45 3.02 3.60 1.00 
1916 
Jan. 8 15 14.25 12.75 6.50 6.50 4.00 4.00 
15 7 4.48 6.55 2.43 3.70 1.00 5.00 
22 7 4.00 6.56 0 0 0 0 
29 7 3.11 2.39 3.51 2.62 5.50 3.75 
Feb. 5 7 7.03 7.66 4.95 4.63 1. 75 2.35 
12 7 3.72 6.55 0.05 1.18 0.25 0.50 
19 7 6.64 6.95 2.95 3~12 3.25 3.00 
26 7 6.23 6.52 2.25 2.79 0.75 1.50 
Mi:.r. 4 7 4.09 6.05 0.07 1.00 3.25 3.00 
11 7 7.01 7.51 3.75 5.00 1.25 1.00 
18 7 5.67 6.08 3.75 3.27 3.21 1.50 
25 7 4.49 4.83 0 1.09 0 2.50 
Apr. 1 7 3.54 4.08 2.24 2.77 1.25 1.00 
8 7 2.29 6.04 1.16 1.38 0 0 
15 7 4.19 4.59 0.29 0.71 0 0 
22 7 7.49 0.24 1.00 1.00 3.50 2.88 
29 7 5.21 4.90 2.50 3.00 0.50 0.50 
May 6 7 4.52 5.34 2.61 2.34 0.84 1.15 
13 7 3.42 3.57 0.39 1.64 2.00 1.25 
20 7 4.64 3.80 0.80 1.23 0 0.87 
27 7 3.77 3.36 3.15 1.77 1.56 3.05 
June 3 7 2.35 1.87 0.03 0.52 0 0 
10 7 2.14 5.10 2.91 2.38 1.25 0 
17 7 4.52 2.98 1.37 3.10 1.50 0.50 
24 7 2.52 3.44 0.15 1.10 0 2.00 
- - - - - - - - - - - - - - - - - - - - - - - - -
Total 220 166.82 187.03 77.96 92.55 72.62 64.50 
Variation in dun1icatea 20.21 14.59 8.12 
Ave . ounces per· aeries 176.92 85.25 68.56 
AVe. pounds !Jer seriee 11.06 ~3 4.28 
- - - - - - - - - - - - - - - - - - - - - -
------ - - - -
Table 7. - Ounces of Water lost in Q.uarter Periods. 
Series A Series B Series 0 
Quarter 2-foot Oyla. 4-foot Cyls. 6-foot Cyls. 
A-I A-2 A-l A-2 A-I A-2 
- - - - - - - - - - - - - - - - - - - - - - - - - - -
1 52.50 63.32 32.15 37.71 38.01 25.30 
2 42.46 49.93 19.64 21.54 10.00 1?90 
3 43.98 44.33 14.76 19.32 17.46 12.38 
4 27.88 29.46 11.41 14.08 7.15 8.92 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total 166.92 187.03 77.96 92.55 72.62 64.50 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Table 8. 
-
Water lost comuared with Water absorbed. 
-
Series Ounces Ouncea Difference 
lost absorbed 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A ~2-!t . Cyls.) 176.92 176.00 0.92 
B 4-ft. CYle.~ 85.25 56.90 28.35 C (6-!t. Cyla. 68.56 9.88 58.68 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 9. - Evaporation from Free-Water-Surface. 
Date 
Oct. 30, 1915 
" 31 
Nov. 1 
!t 2 
" 3 
.. 4 
!t 5 
" 6 
" 7 
" 8 
" 9 
" 10 
!t 11 
!t 13 
" 20 
" 29 
Dec. 4 
" 11 
!t 17 
" 24 
Jan. 8, 1916 
" 15 
" 22 
" 29 
Feb. 5 
" 12 
!t 19 
" 26 
Mar. 4 
!t 11 
" 18 
" 25 
Apr. 1 
" 8 
!t 15 
" 22 
" 29 
May 6 
" 13 
" 20 
" 27 
June 3 
" 10 
" 17 
" 24 
Amount in 
ounces 
2.50 
2.75 
2.57 
2.29 
2.31 
1.34 
2.14 
2.00 
2.80 
5.60 
1.60 
2.20 
3.60 
7.60 
9.00 
4.90 
6.30 
4.10 
7.80 
20.00 
5.70 
5.18 
9.50 
11.10 
12.30 
16.00 
17.00 
11.40 
22.10 
21.00 
23.00 
9.70 
10.00 
11.00 
9.20 
12.50 
13.50 
23.00 
10.10 
9.80 
8.80 
7.05 
8.50 
8.60 
- - - - - - - - - - - - - - - - - - - - - - - - -
Total 289.33 
- - - - - - - - - - - - - - - - - - - - - - - - -
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General Observations -
The effeot that the position of the water-table has 
upon capillary movement of water thru soils is strikingly shown 
in Table 5. The rapidity with which evaporation is taking 
place as influenced by the force of capillarity is also plainly 
seen. It will be seen later in examining Table 8 that prac-
tically the entire evaporation 10 8 8 from the 2-foot columna 
ha 3 been from the water-table. The average total loss in 
ounces for the 220 days from Series A, the a-foot columns, was 
176.00j from Series B, the 4-foot columns, 56.90j and, from 
Series C, the 6-foot columns, only 9.88. It haa taken a 
~arked quantity of water to maint~in the water-level in A-I 
and A-a. It has taken only about one-third as much to main-
tain the water-level in B-1 and B-2. While in C-l and 0-2, 
the quantity has been almost negligible. 
In Series A, there was a constant and steady loss of 
soil moisture. The amount necessary, outside of the initial 
amount added on Ncvember 13th to restore the proper level, vari-
ed from 1.98 ounces to 7.58 ounces for a 7-day period. At 
all the different obsErvation periods A-2 was more moist on the 
surface tban A-l. The different readings, as well as the total, 
showed that A-2 was 108ing the most water of this series. This 
was probably due to a slight difference in compaction of the soil 
when placed in the cylinders, a more perfect soil column for 
the movement of water having been made in the case ot A-l. 
In Series B, a much lower evaporation loss occurred. 
The losses for a period of seven days varied from zero to 4.34 
ounces. The initial amount added to B-2 on November 13th is no 
doubt too high to be due entirely to capillary movement within 
the 80il column. Probably the reaaon for this is partly due 
to the fact that soon after the commencement of the experiment, 
a crack occurred in the seam at the base of this cylinder where 
it WGS soldered onto the cylindrical tank. Before it could 
be repaired a few ouncea of water splashed out thru it during 
the different weighings, and a small amount must have evaporated. 
The major ~ortion of the evaporation loss from this series 
has been due to the capillary movement of water trom the water-
table, altho a large portion of the initial water in the 80i1 
co1~un has been lost. 
In exaa~ining Series C, it is notioed cn the first day, 
l;ovember 13th, that water was added to bring the water-levels 
up to the: proper heights, that 4.51 ounces wae added to C-l. 
This is accounted for by an error in resetting this column after 
the weighing had occurred. At the next reading when the 
cylinder was placed in ita proper pOSition, the water-level was 
above the mark on the Siphon which was no doubt due to the amount 
added the previous reading_ A new mark was made on the si~bon 
for 0-1 whicr! coincided with the water-level on r~ovemb€r and 
was used thereafter. Not including this initial amount, tbe 
total loss for 0-1 was 7.25 ounces and for C-2 7.99 ounces, 
whicb stowe that only a very slight ItOVenlcnt due to capillarity, 
if any at all, was taking place in these columns; but that the 
principal lo~s has been due to the: evaporation taking place 
from the upper part of the soil column. 
Table 6 gives the number of ounces of water lost 
from tbe 80i1 columns tbru evaporation. The duplicate 
re~dings of the different series compare closely conSidering 
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the number of factore th&t control or influenoe the water move-
The total average loss for Series A was 176.92 ounces; 
for Series B, 85.25 ounces; and for Beries C, 68.56 ounces. 
Outside of the first seven days, in which all the cylinders 
lost aprroximately the same amount, the cylinders of Series A 
lost more steadily than those of B and C, the avera£e range being 
from two and one-half ounces to six ounces for a 7-day period. 
Series B also, lost rather steadily, but the average loss for 
a 7-day period is considerabl, lower than in the case of Series 
A, the total average 10SB being practically one-half as much as 
in the 2-foot columns. In Series C the loss has taken place 
irregularly, varying from three ounces to zero. ' .. This is a 
striking difference from the more or less steady loss in the 
case of S:!ries A and B. The total loss for Seriee C (68.56 
ounces) was only 17.69 ounces less than in the case of Series 
B. It will be noted, however, that the 108s has occurred almost 
entirely from the soil coluu~8. 
Table 7 giving the lose by quarters shows thAt the 
greatest 1038 was during the ecrly part of the experl~ent when 
the upper parts of the coltlIUls were drying out most rapidly. 
After they had dried materially the loes decreased both because 
of the less water in the surface layers and because this lessen-
ed wa.ter content decreased the rate of capilJary movement to the 
surface. Tte more favcra.ble conditions during the latter 
part of the period have not been able to maintain the rate of 
loss from the soil columns. 
Table 8 shows a compariAon of the amount of water lost 
by eva~oration from the surface and the amount absorbed from the 
water-table. It will be noted that in Series A the arr,ount of 
water absorbed by the scil columns during the entire 220 days 
was only 0.92 of an ounce less than the amount lost by evaporation. 
Sc that as far as the total lr.oisture content cf the entire 
col'llI!1n is concerned it must contain practically tl£ &aBle alnount 
~S it did at the beginning. In Goth B and C series, however, 
considerably more had been loet by evaporation than had been 
taken up from the watel:-table, the difference being 28.35 ounces 
in Series B, and 58.67 ounces in Series C. - In Series B the soil 
columns have taken up from the water-table two-thirds as much 
as tLey lost, while in the C Serit=lB only about one-seventh of 
the evaporation loss is equal to the water-table loss. 
Table 9 gives the weekly evaporation in ounces from 
the free-watEr-surface. 
Dl B ~.§J.91L.91J~uJ.:t.!! -
These results indicate that depth of water-ta.ble has 
a marked effect en capillary r1s~ of moi~ture in soils. Ap-
parently when the water-table 1s very cloae to the surface, con-
sid~rable quantities of water move upward by capillarity, but 
as its depth is increc.sed the- cc;.pilJary rise becomes less. In 
this experin.ent capillary movement was in full sway where the 
water-table was but two feet deep, and it moved rather unlforrely 
thruout the period of the e~)eriment. In the 4-foot series 
the rate of cari1lary rise had decreased greatly, the water-table 
loss being considerable less than the eva~or&tlon loss, altho, 
both were Irore or lese uniform in showing that car-illarity was 
at work. The eva~oration 109s being the greatest caused the 
soil column to loee moist~re faster than it could be supplied 
from below by capillary action, whioh was a1eo shown by its 
surface which Vias harc.ter and dril'1r. This same condi tion of 
the surface was noticed on the cylinders of Series C, except to 
a gre&ter extent. In Series C an almost negligible quantity 
of water was taken up from the water-table, while the ~rincipa1 
amount was lost thru evapor~tion from the u~per soil layers, 
almost as much as in Series B. Conse~uent1y Series C contained 
~uch less water at least in the upper layers of soil than it 
did at the beginning of the experiment. 
The results show that depth of water-table i8 of 
primary import~oe when discussine capillary riee of moisture in 
soils; and also, they tend to combat the old theory which holds 
that capillary moisture can be brought rapidly to the surface 
from consiaerable de~the in the 80il. 
It is rea1iz~d that in this single e~)crirrent only one 
kind of 60il is under study, a soil of uniform texture thruout its 
whole depth - a condition which would rarely be found under 
actual fi eld condi ti (jns. Then too, the soil was tamped in the 
cylind ers which again is but an approxirr.dtion of the natural 60i1 
in situ. However, the results indicate that depth of water-
table must be the prime factor in determining the capi118ry rise 
of moisture to the surface, which goes to prove th~t ground-
wGter is not lost thru capillarity when it stands ~t a considErable 
distanc~ below the surface. 
It seems probable that in a given eoi1, ca::;lllarity 
~i1l carry water only to a given height, beyond Which height, 
all 1080 of moisture occurs in the form of water va~or caused 
by eVapor&tion into the air circulating in the interstitial 
spaces thruout the soil rraes. 
Also, that in the field where the water is at a 
considerable depth below the surface, the loss of moiEture 
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thru evaporation occurs largely from the surface foot of 80il, 
and that celow thiA depth very little i8 lost by evaporation. 
Undoubtedly the per cent of moisture in the 60il is a very 
important factor, capillary movement decreasing with decreasing 
rroisture content. Where the surface foot er two of soil 
is very u.oiat capilJaxity may for a time act in carrying a 
considerable ~o~t of this water to the surface. 
~!1!F§!?-j;~ 
Loss of Water thru Capillarity 
with and against gravity. 
Gravity and its effect in reu.oving the free uloisture 
froul the soil is recognized and its constant pulling force in 
removir.g minute amounts of water lcng after the excess has been 
drained away has otten been observed. However, the fact that 
it may control most of the solI woisture, after it has passed 
the upper twelve to eighteen inches of soil has not received 
rr,uch a tter.tion. 
Rotmistrov has come out very strongly against the 
idea of the power of capillarity in removing the soil moisture 
from the lower layers of the soil in his work on the ~irculation 
of ~ater", as well as in his later work on "The Nature of 
Drought~ He· states that, "there is a constant and steady 
movement of water downwards, not only in the deep soil layers 
which cannot be dried, but in the upper layers as well.- As 
the result of several experiments, he··holds that the downwaId 
movement not only takes place from depths of 95 to 105 centi-
meters (38 to 42 inches), but from the small depth of 35 to 45 
centin,eters (14 to 18 ir.ches), and states tha.t the speed wi th 
which the water moves is from 15 to 20 centimeters (6 to 8 
inches) per month on old ploughed fields, but more slowly on 
unploughed soil. In concluding he··· states that "wateF 
£ercoJ~tiPE to a depth of 40 to 50 centimeters (16 to 20 inches) 
• Nature of Drought, p. 20 • 
•• Circulation of Water, pp. 30 and 81 • 
••• Nature of Drought, p. ao. 
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does not return to the surface except by the w~y of rocts; ,!1l 
the vl.§~er_pot _s~Hed--E.¥. the l'.9.9 t 's £..q!!!L.§9~_j!lY9_~p~S1~~:fl_].E:;yg!.!, 
moving at the rate of about 7 feet yearly." 
It was largely because of RotnJistrov'~ results that 
this experiment was planned and undertaken, the object being 
to determine, if possible, how important gravity was in controll-
ing 60il moisture under well defined conditions. 
Plan of Experiment -
The general plan adopted was to take two columna of 
soil, containing a maximum amount of capillary moisture, and 
allow one to dry out with the aid of gravity and the other in 
the usual way against gravity. 
Accordingly, two galvanized iron cylinders were 
constructed, six feet in length and six inches in di6,lT;eter wi th 
one end of each can closed air tight. Fo~ty-four one-inch 
holee were cut in each of the cylinders, being arranged in 
eleven horizontal seri~8 of fours, six inches apart. An iron 
band with a one-fourth inch lip was made to slip down over the 
top of the cylind·:rs, and was bolted to the inverted oylinder 
to prevent the soil from dropping out. In the case of the 
erect cylinder it was used only to keep the exposed surface 
area equal for both cans. Two-inch adhesive tape waa used to 
cover the holes, this being wrapped horizontally around the cy-
linders covering each aeries of four holes as a separate unit. 
The tape was cov ',red wi th a heavy coating of paraffin to insure 
no lcaa of ~olsture thru the holes. 
The moisture samples were taken from each vertical row 
of holea at ~onthly intervale to determine the movement of 
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moisture upwards or downwards. A fine sandy loam soil was 
used, and a regula.r, short handle, one-inch soil augur was 
used in reffioviLg the samples. 
Fxr, e!lEl.QRt..a)_.¥..e~1.Qd8 -
The finE: sandy 10Clffi soil used was cbta.ined from a 
creek bottom. It was sifted and placed in the greenhouse 
in a pile to reach a uniform moisture content. When the 
moiBture bec5..rr.e uniform thruout the pile, three sarr.plee were 
te.ken and the moisture conter.t determined. They were dried in 
an electric even for 8 hours at a temperature from 1C5 to 110 
degrees centigrade. The per cent of moisture in the samples, 
varied from 16.09 to 16.88 - average 16.59. 
To find the optimum moisture content of this soil 
several samples were taken and different amounts of water added 
to each successive sample, increasing or decreasing the ~ount 
of water, until the optimum content was obtained. The water 
c~ntent finally selected was 27.08 per cent. A sufficient 
amount of soil was tten wei£hed to fill both cylinders and 
spread out in a four-inch layer on a large table. The neces-
O?~y amount of distilled water was added to bring the entire 
mass up to the optimum content. The soil was covered with an 
oil cloth and allowed to star.d ten days to insure uniform dis-
tribution of the water. In tbe meantime the soil was mixed and 
turned several times to aid in the distribution. 
On February 12, 1916, three samples of the soil were 
taken from different parts of the mass and their mo1sture con-
tent determined. The reoiature percent&ges obtained were 
22.97, 23.07, and 22.91 - avera6e 22.98. Both cylinders were 
filled with the soil at this moisture content by the same 
method as used in Experiment I, page 32, the tarrp used and 
t~e process of compaction being the same. 
lfter the cylinders were filled they were placed in 
a small room where the atmospheric conditions were practically 
uniform. One cylinder was set on the floor in an erect position, 
the upper end being open; the other, was bung in an inverted 
position from an iron pipe which croased the upper part of the 
-room, the lower end being open. The open ends of the cylin-
ders c::, me wi tbin one foot of each other, and no draughts or 
rapid temperature changes were allowed to effect them. During 
the first month tereperature and water evaporation records were 
made at the respective levels of the open ends of the two 
cylinders, which showed no ap~reciable differences, thus showing 
that conditions for evaporation were the same for eaoh. 
In samplins the cylinders were laid on ~ long table 
(a great deal of care was used in the handling of the cylinders 
to prevent rupture of the soil columns) and after the removal 
of the sample which was taken to a depth of two to three inches, 
the hole was filled with ~elted paraffin. As soon as paraf-
fin hardened, the tape was placed back over the hole and another 
thin coating of ~araffin was applied. Care was taken to weigb 
the samples immediately after they were reu.oved from the cylin-
der. After all the samples had been taken and weighed, they 
were placed in an electric oven and dried for six hours at a 
ten;perature of 105 to 110 degrees centigrs.de. Cylinders were 
returned to there original position atter each sampling. 
Soon after the exper1~ent started the soil in the erect 
. \ 
\:' \ 
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cylinder seem to shrink away from the sides, I t: aving a slight 
crack between the soil column and the cylinder wall. Aleo, the 
surface soil in both cylinders shrunk away from the lip that 
overlapped the surface. These openings were filled with paraf-
fin as often a.s required. 
After the last set of samples were taken a sample 
two and one-half inches deep was taken from the surface layer 
of each cylinder. 
Experimenj§l data-
The following pages contain tables of results 
obtained. 
• (Per cent Moisture in the Soil) 
Measure~ent from open end. ** Estimated • 
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Moisture Los9 of Losa of 
content rr,oiet. moisture 
per since be-
month ginning 
18.09 
19.11 
19.46 
20.24 
20.30 
20.88 
20.81 
21.00*'" 
21.31 
24.12 
24.57 
17.65 
17.74 
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19.44 
19.66 
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19.76 
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1.67 
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+1.59 
0.44 
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1.00 
1.66 
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1.12 
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0.69 
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0.44 
1.32 
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1.07 
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4.89 
3.87 
3.52 
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2.68 
2.10 
2.17 
1.98 
1.67 
1.14 
1.59 
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4.52 
4.40 
3.97 
3.54 
3.32 
1.87 
2.26 
1.19 
0.74 
6.45 
6.07 
5.00 
4.73 
4.61 
4.14 
4.03 
3.22 
3.35 
2.55 
1.83 
8.02 
7.59 
6.56 
6.C8 
5.30 
5.42 
4.47 
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3.87 
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16.81 
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19.46 
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15.32 
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2.13 
3.10 
1.42 
3.18 
1.60 
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1.56 
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7.70 
4.12 
6.65 
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Loss of MOISTURE 
RGRINST 
GRAnT/{ rION. 
I" IS I, .?O II .u .i3 ..2&+ 2.5" ~ 
~c:e..t 0+ Moisture 
- -
TablUl.! __ =---§}lL'm.~r'y'_ of Ta'p)~_]..9.:.. 
(Per cent Moisture in the Sci1) 
Month 
~j:r e ct . ..Q.y.±lf...Q. er 
Average en- Average loss 
tire column per month 
B - Inverted ~linder 
Average en- Average-foss 
tire column per month 
- -
Ini tia1 content 
First 
22.98 
20.90 
22.98 
2.08 20.63 2.35 
Second 
Third 
Fourth 
.. - -
19.66 1.24 19.29 1.34 
18.78 0.88 19.28 0.01 
17.64 1.14 18.28 1.00 
Q.en...e.!'~l_.Qbser'yations and Discussion of Results -
The results as ahown in Table 10 and graphically 
illustrated on Plate V, page 59, makes clear a difference in the 
factors controlling the evaporation from cylinders under the con-
ditions. It will be noted that in the four different seta of 
s~ples taken from the erect cylinder that the moisture content 
increased gradually from the open end of the oylinder to the 
closed end, except for samples No. 9 (probably due to excess in 
sample No.8) on April 8th, and May 6th, and samples Nos. 6 and 
8 on June 3d which were slightly leas than the samples 1~ediately 
above them. These were the only samrles that interrupted the 
gradual increasing moisture content running from the open to 
the closed end of the cylir.der. In the inverted cylinder 
an entirely different situation was in evidence. The aid 
of gravity was evident as is cle~Jy shown by the chart. Dur-
ing the first month all the resr- ective six-inch 80il layers of 
the erect cylinder lost moisture except layers represented by 
,. 
/ 
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samples Noe. 10 and 11 which were at the bottom of the cylinder. 
These increased 1.14% and 1.59% respectively over the initial 
moisture content. No doubt there was a movement of moisture 
downward into these layers from the ones immediately above, 
which is reemphasized by the fact that sample No. 11 contained 
almost one-half per cent more moisture than sample No. 10. 
The layers of soil represented by samples Nos. 1 to 9, inclu-
elve, lost moisture with decre~aing amo~~t6 commencing at the 
surface. The per cent of moisture varied from 18.09% to 
24.57%, a range of 6.48%. 
During the second month all layers lost moisture 
except the layer represented by sample No.8, which gained 
0.11%. Except for this sample the mOisture gradient was 
gr:dua1 from top to bottom of column, the lowest moiature 
content being at the top and gradually increasing until the 
hilhest was reached at the bottom. The per cent of moisture 
varied from 17.65% to 22.14%, a range of 4.49%. The greatest 
1096 was not at the top as in the case cf the first month's 
results, but at the bottom of the column 1n the layers whioh 
gained during the first month. 
During the third month, all laYers lost moisture with-
out exception. The moisture gradient was gradual, incre~slng 
from top to bottom with the exception ot sample No.9 which was 
0.13% less than sample No.8. The reason for this may be ex-
plained by the fact that aample No.8 contained a slight exoess 
ot moisture at the previou8 sampling, and due to the same oause 
it still contained an excess amount in comparison to the layer 
immediately below. The per cent of moisture varied from 16.53% 
to Z1.05%, a range of 4.5~ which was pra.ctica.lly equal to the 
/ : 
previous month. The greatest losses oocurred in the surface 
layer and the four bottom layers, or in those layers which lost 
the least the previous month. 
During the fourth month, all layers lost mOisture with-
out exception. The moisture gradient was gradual, increasing 
from top to bottom, excepting samples Nos. 6 and 8 which con-
tained a lesser per cent of moisture than the layers immediately 
above them by 0.13% and 0.07% respectively. The per cent ot 
moisture varied from 14.96% to 19.69%, a range of 4.73%, slight-
ly more th~ the previous two montha, due probably to the in-
creased room temperature. The loas from the different layers 
bore no particular relation to the loss of the previous month, 
the greatest loss occurring in the surfaoe three layers. 
In examining the loss of moisture from the inverted 
cylinder something unuaual is noted in the first month's results. 
There was a loea from every layer, but the losses was not like 
those from the erect cylinder. The moisture by layers 1n-
cre~eed and decre~sej successively from the open to the closed 
end. The average total loss of moisture thruout the column 
was 0.27% more than in the case of tbe first month's results 
of the erect cylinder. The per cent of moisture varie~ from 
19. 78% to 21.46%, a range of 1.68%. The moisture remaining 
in the column is more evenly distributed thruout the column 
th~n in erect cylinder which is ev1denoe of the effeot of gravity. 
During the second month, similar result~ to the f1rst 
month were obtaine~,&ll layers losing mOisture, the largest 
amount being from the layer next to the open en~. The moisture 
content of the various samples commencing at the open end va.ried 
successively up and down until sample No. 6 was reached, after 
which there was a regular decrease until sample No. 8 was 
reached# at which point the former prooedure was restored. The 
total 106s was 0.10% greater than the loes from the erect cylinder. 
The per cent of loss varied from 16.81% to 19.88%, a range of 
3.07% which ie considerably larger than the range of the first 
month. 
The moisture conditione at the end of the third 
month period were somewhat irregular. Samples Nos. 1, 2# and 
5, showed an increase in those respective layers; the rest lost 
in varying amounts. The total loss was almost negligible, 
while the per cent of 103s varied from 18.S6% to 19.71%, a 
range of only 0.75%. 
During the fourth month moisture was lost thruout 
the entire column, except in the layer represented by sample 
No. 7 which showed an lncre~se of 1.43%. The total loss 
was greater than the previous month by almost 1.00%, but less 
than the loss from the erect cylinder, the difference being 
0.14%. The per cent of moistur~ varied from 15.33% in the 
surface to 20.58% in sample No.7, a range of 5.36%. As was 
was noted in the third month's results, there seems to be an 
acoumu1ation of moisture ocourring within the column, either 
due to gravity or some other foroe. This month the accumula-
tion seems to be at the plaoe represented by sample No.7. 
The greatest lose ocourred in those layers whioh contained a 
surplus the previous month or which lost very little. 
Inasmuoh as this was the end of the experiment sam-
ples of soil were taken from the surface two and one-half 
inches of each column, along with the fourth month'a samples, 
and their moisture content determined. There was 13.58% in 
tne s&.mple from the erect oylinder, and 7.08% in the case of 
the sample of the inverted oylinder, a difference of 6.50%. 
In comparing these peroentages to those at a distanoe six 
inches from the surfaoe, there is no marked difference in the 
inverted cylinder. The surface of the inverted cylinder con-
t~ining only 7.08% is practically air dry, while three and one-
half inches further up a moisture content of 15.33% is present. 
In takine the sample from the inverted cylinder a gre~t deal ot 
difficulty was experienced. The soil seem ed to be very 
compaot, hard, and dry. This compaction or settJ,ing of the 
h~ 
aoil must ,~ begun soon after the experiment started and con-
tinue:i thruout. Such ~ condition would hinder somewhat the 
loas of moisture as resulting from diffusion, as well as alter 
the 108s by capillarity working with gravity. 
The following pOints of note are observed from 
the~e reaults: (1) In the case of the erect cylinder where 
the lose of moisture by evaporation is either thr~ diffusion 
or partly by the suppose~foroe of capillarity, the greatest 
difference between the moisture content of any two layers, is 
found to be between six and twelve inches below the surface 
(as is the ~ase in the first month'a results), or between twelve 
and eiehteen inches (as is the case in the other three months). 
This would indicate that the greatest losa ot moisture is oc-
curring i~ the surface eighteen inches. (2) The total 108S ot 
moisture from the respective layers of the erect cylinder varie~ 
almoat directly with the height, the greateat being at the top 
an~ the le~at at the bottom. It would seem that if capillarity 
was the important means by which moisture escaped from the soil, 
that there should be a more constant 1088 thuout the differ-
ent layers of the entire soil column. However, as this 
isn't the condition it would indicate that the loss by diffu-
sion is the more important. (3) Diffusion and capillarity 
being two forces which supposedly will act equally well in either 
direction will not explain the results obtained from the in-
verted cylinder. Gravity is at work as i8 plainly seen in the 
first two month'3 results. Soon after the experiment was started 
tne moisture mU6t have begun movine downwards, evidently with 
a speed of about six inches plus per month (see Rotmistrovcon-
clusions page 54). This regular movement d2creased as the 
moisture content became lower which produced the irregularity 
of the results during the third and fourth months, and oaused 
increased s.mounta of moisture over the previous month to occur 
at different places along the colu~n (note a~plea Nos. 1, 2, 
and 5, of May 6th, and No.7 of June 3d). (4) If capillarity 
is an important force in the losa of soil moisture, it would 
seem that a greater loss should have occurred from the inverted 
cylinder during the last t~o months. (5) A comparison of the 
range between the maximum and minim~~ moisture contents for the 
different months gives further proof of the effect of graVity. 
In the case of the erect oylinder, a ranee of 6.48% occurred 
during the first month, ·j,ue to the rar;id drying out of the 
surface layer and the aocumulation of an excess at the foot 
of the column. The second month the range, 4. ·19%, was consici-
erable less, almo3t 2.00%. The third and fourth months showed 
a small increase, 0.03% and 0.21% respectively, over the previous 
month. In the case of the inv~rted cylinder the situation is 
entirely different. The rang~ by months being 1.68%, 3.07%, 
0.75%, 5.25% respectively for the first, second, third, and 
fourt:1 months. Why the maximu."ll range occurred during the 
last month r ~ ther t~n the first month as in the case of the 
erect cylinder, was prob~bly due to the effect of gravity. 
(6) The total 10S6 of moisture from the inverted cylinder was 
gr~at ,:;r during the first two months than from the ereot oy1in-
der. Inasrr.uch as there w~e a higher per cent of moiature 
within the column during thi~ tiffie, the force of gravity w~e 
more noticeable. The loss during the last two months was 
le38 and was prob~bly due to the 4eoreaaing effect of gravity 
upon the movemant of the film moisture within the Boil, as well 
as to the compaction and settling of the s011 in this cylin:ier. 
FIELD EXPERIMENTS • 
•••• 
ExPeriment III • 
. ~ study of the absorption, run-off, a.nd 
loss of moisture under field condttions. 
In the experiment described below the moisture prob-
lem is studie~ under the conditions of the field. The plan 
was to det~rmine not only the per cent of the raifa11 penetr~ 
ting the soil, but what becomes of the water whioh enters. 
Further it we proposed to find the exact effeot of the water run-
ning off the surface upon the soil itself. 
It is realized that the a~ea of land subjected to 
study .is small and that the resulta apply to but one type of 
soil. However, the important forces th~t control the movement 
of moisture must be the same everywhere, therefore, the 
character of the results obtained will be applicable to a gres.ter 
or lesser extent to other types of soil. 
Plan of Experiment -
(Description of Plots) 
Four plots, 91 feet in length and 5 1/2 feet in width 
were carefully laid out on the eastern slope of a hill whose in-
clination was about 4 1/2 degrees. The upper end of the plots 
commenced just at the brow of the hill and extended down the 
hill to its base or to the point where the slope oeased. Two 
p1ota, A-l and B-1, were enclosed within a 6-inch board wall. 
The boards used were ordinary white pine boards, and were 16 feet 
in length and 6 inches in width. They were entrenced 4 inches 
and allowed to extend 2 inches above the surface of the ground. 
In order to have boards remain securely in position strong stakes, 
18 inches in length and 2 inches in width, were driven in the 
ground at the ends and in the middle of each board, to which the 
boards were mailed. After the boards were entrenched, the soil 
removed was placed back in the trench and tamped, so as to pre-
vent eXC8as washing next to the boards. 
At the lower end of the plots concrete platforms, tri-
angular in shape, were built with a slight slope. The u:r,per 
sides were left flush with the surface of the ground while the 
other sides were built with an eight-inch concrete wall. At 
the lower points of the platforms, four-inch galvanized iron 
pipes, 9 feet in length, were placed in the concrete and oemented 
to the platforms. The pipes extended to galvanized iron tanks 
sunk in the ground and provided with covers. 
The tanks were used to catch the run-off and erosion. 
These tanks were placed in the ground, 9 feet from the platforms, 
and were buried deep enu! eo as to allow the proper drop (3 inches) 
for the pipes which led from the platforms and entered the tanks 
thru four-inch holes located just beneath the rim of the tanks. 
The pipes were securely fastened and soldered to the tanks so as 
to prevent any water loss by excessive run-off. The tanks 
were drained by inch and one-half iron pipes connected to the 
bottom of the tank and extending underground to a emall roadside 
ditch 12 feet away. On the outlets of the pipes faucets were 
placed. Within the tanks, where the water entered the drain, 
a l-inch iron pipe one inch in length, was fitted eo as to sorew 
into the drain. This device was used in eepara~ing the so11 
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from the water. A rubber stopper was placed in the upper end 
of the short pipe. The covers of the tanks were faatened 
down by hooke. 
Plata A-3 and B-2 were not enclosed, but were treated 
in every way the same as plota A-l and B-1. These outside 
unenclosed plots were used for determining the moisture in the 
soil during the season since it was not considered wise to 
penetrate the enclosed plota with the sampler. 
Lysimeter Construction 
Two 1ysimeters, 16 x 18 inches in area (0.004,59 acre) 
were constructed near the lower end of the drainage plots. A 
plot of ground 6 x 6 1/2 feet was laid out, and all the soil 
within this plot down to a depth of 4 1/2 feet was removed, ex-
cept two columns of soil 18 x 20 inches. These two columns 
were carefully pared down until they were exactly 16 x 18 inches 
square. A long bladed corn knife was found very useful in 
p~ring the columns. Square board enoasements, 22 x 24 inches, 
were ~laced around each column which permitted a space of 3 
inches to exist entirely around the soil columns. This space 
was filled with concrete. The concrete was re-enforced perpen-
dicularly on each aide, at the corners, and horizontally at four 
different levels with No.9 galvanized iron wire. Square ga1v~ 
nized iron bands, four inches in width, and just the size of the 
soil columns were embedded in the concrete at the top and allowed 
to extend two inches above columns of soil. After the concrete 
had set, the columns were laid over on their sides and a concrete 
bottom, 4 inches thick, was placed in them. In the center of 
the bottoms, an inch iron pipe, 6 inches in length, was embedded 
in the concrete. This pipe extended one inch below the bottoms 
and served as an outlet for the percolating water. In order 
to ~revent the soil from entering the pipe, a small pack of 
glass wool wae placed at the upper end of the pipe. Columns 
were raised and placed on an 8-inch foundation. After the 
beard enc~aefficnts were removed, the columns were painted twice 
with a rich mixture of cement and then covered with a coat of 
coal tar. The lysimeters were thereby made w~ter tight. 
The dirt removed was returned to the pit and carefully 
tamped around the columns, excepting on the south side where 
the ; it was unfilled to give access to the bottoms. The 
percolation water was caught in a two quart jar, closed with 
a rubber stopper and connected to the outlet in the bottom of 
the col~na with properly bent glass tUbing. 
Veatner Apparatus 
Weatner appratus was st2..tioned at the end of these 
plots, conSisting of a rain-gauge, an evaporation pan and 
measuring device, and an anemometer. These were enclosed within 
a 4 foot wire fence. Observations were made daily at 7:15 am. 
The Soil 
Th~ soil is classified as a "Silty Phase of the 
Shelby Loam! It consiste of a fine sandy or silty loam of a 
gray or brown color from' to 8 inches deep, grading into a 
reddish-yellow s~ndy clay, which extends to a depth of 3 feet 
or more. The type is of glacial origin and belongs to the 
Glacial & Loessial Province. It has be ~ n in wheat continually 
for the past 15 years. After the wheat wae harvested during the 
foref art of July, 1915, the ground was immediately plowed, 
disked, and sowed to cowpeas, these being turned under in the fall 
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just previous to the drilling of the wheat. 
(Measuring Water Run-off and Soil Erosion) 
Immediately after each rain the amount of water that 
ran off the enclosed plots was measured. This was done by a 
rule graduated in inches and tenths, measuring down to the top of 
the one-inch pipe. After the depth of water was determined, ten 
to foirty grams of Calcium Oxide was added (depending upon amount 
of water in tank) to flocculate the soil particles and to clar-
ify the watsr. Aft~r several hours (5 to 10) the rubber cork 
in the upper end of the iron pipe was rerr.oved, faucet to the 
outlet opened, and the tanka were allowed to drain. When 
water had drained away down to the top of the one-inch pipe, 
ten-gallon cana, weighed, were plaoed undey the drain outlet, 
the one-inch pipe unscrewed, and the remaining muddy water and 
aediment was allowed to drain out. After drainage ceased and 
the tanka were cleaned, the cana were removed, weighed, and 
allowed to stand for a few hours, after which all exoess water 
was drained from the cans by siphon and cans reweighed. The 
wet soil remaining in the bottom was then thoroly mixed and two 
samples of a.pproximately ZOO grams were taken. Their moisture 
content was detzrrained and the a.vera.ge of the two was used in 
calculating the total water in the mixture and the amount of 
eroded soil (oven dry). The amount ot water draining from the 
tanks, plus the amount removed by siphoning, plus the amount in 
the wet Boil, equals the total run-off. 
Soil Sampling 
Soil sam~lea were taken regularly twice a week and 
after each rain of importance in plots A-3 and B-Z. The sam-
pline was done with a King sampler and samples were taken every 
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foot to a depth of fcur feet. The ordinary slip cap, saamlesa 
tin, soil cana were uaed. Three seta of' ao..mplea of four &&-eh 
each were t~ken in each of the two outside plota at intervala 
of thirty feet, commencing near the upper end of the plots and 
working down. After s~tples were taken the holes were re-
filled with loose soil and tamped. Short stakes were placed 
in the holea to indicat9 the place of s"utpling. The following 
set of samplea taken on the next date of sampling were taken 
twenty-two inches from the last set. This method waa oontinued 
across the plot, until four holea had been made, and then the 
process was repeated twenty-four inches lower down the hill 
from the previous row of holes. 
thruout the ex~eriment. 
This plan was followed 
The samples were taken to the laboratory and weighed. 
Covers wer : removed and they were pl.3.ced in an electric oven 
and. dried for ten hours at an a.pproximate temperature of 105 
degrees centi~rade. They were then removed, cooled, reweighed, 
and their moisture content determined. A torsion balance ac-
curate to one-tenth of a gram \~ used during the fore part of 
the eXferiment, later it was found that thia point of accuracy 
was unnecessary and a torsion balance, accurate to one-half gram 
was used. 
Determination of Water-Holding Capacity of Field Soil 
Tne soil samples taken on July 8th were used in de-
termining the water-holding catacity of the field soil. After 
the Itoisture content was determined, the samples were pulverized 
in an iron mortar, and ~as8ed thru a ZO-meah sieve. The fine 
porticn of the three different e~plee of each plot which repre-
sented the first-foot section were thox:il.y mixed together and 
placed in a bottle with air-tight stopper. The same was done 
for the other respective foot-sections. The W.H.C. of these 
~ixtures was determined in duplicate by the Hilgard method·. 
Small cylinders, one centimeter in depth and 4.84 centimeters in 
width with perforated bottoms were used. They were filled with 
the dry soil,allowed to drop fifteen times from a height of 
one-half inch, weighed, placed in a shallow pan containing water 
one centimeter in depth until fully saturated, rerr.oved, allowed 
to drain ten seconds, wiped dry outside of cylinder, and reweigh-
ed. The difference in the two weighinge represented the amount 
of water absorbed. The calculations were made on an oven dry 
basis. From the W.H.C. figures, the wilting coefficient was 
caleula ted\,formula given by Briggs and Shantz··, viz: 
Wilting Coeff. : W. H C (Hi1gard method) - 21 
• • 2.9 (error 8.3%) 
Table 12. - Water-Holding Canaciu 
and Wilting Point of Field Soil..:..-
Sera'ped Plot Fallow Plot 
First Second Third Fourth First Second Third Fourth 
foot foot foot toot toot foot foot foot 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 
I % % ~ I % % ~ I % 
1~.H.C. 42.63 57.56 52.25 54.74 44.43 53.97 50.65 49.44 
\f. P. 7.46 12.61 10.78 11.63 8.08 11.37 10.22 9.81 
- - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
• Soils, p. 209 • 
•• U.S.D.A., Bur. of Plant Industry, Bul. 230, 1912. 
E~perimental Methods -
During the winter of 1915, wheat grew upon the four 
plots, but just as early as possible in the spring of 1916, the 
plots were scraped, the wheat plants removed, and the surface 
of the soil placed in a smooth, bare condition. By April 15th, 
the construction work was completed and the experiment was ready 
to start/except for the lysimeters. 
In order to see how closely the two enclosed plots 
were going to check both were left bare until April 26th (see 
Tables 13 and 14 for results). On this date, plots B-1 and 
B-2 were spaded to a de~th of 6 inches. The surface was 
mort; or leBs sIr.oothed with a rake and left in this condition. 
Or. May lOth the lysimetere were completed and rec.dy 
for o~eration. The surface of B was placed in the same con-
dition as the B plots. A was scraped as in the case of the 
A plots. Thruoilt the exreriment the resr:ectlve lyslmeters re-
ceived the identical treatment as the plots. 
I;urir;g the fore part of the experiment weeds started 
gr:wing here ~nd there upon the bare plots. As Bcon as they 
bec[.JJ.e net i cE:':abl e, the plots fiere gone OVE-r with a sharp hoe, 
care beir.g used not to locsen any more soil than necessary. On 
lray 17th &nd 31st wr.en the f.lots were scraped the 10csened soil 
W&..8 not ren:oved (see Table 13 for effects upon arrc'.:nt of ero-
sicn in rains of May 28th and June 2d), but thereafter they were 
eweI=t off by ttje use of a broc,m and all looaened soil removed. 
I.e often ae nE:cessf.ry plot~ E-l and B-2, as lIell aB 
lyai~etcr B, were cultivated, thus destroying ~ll weeds and at 
tte same ti~e keeping the soil in Bood tilth. 
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On June 6th and August 8th considerable soil had 
collected on the platforms of the encloeed plots. This was 
removed, weighed, t;l.nd moisture content determined, from which 
the a~ount of air dry soil calculated. Thi s was added to 
the erosion column as may be noted in Tables 13 and 14. 
In taking the sareple of the 3d foot in plot B-2 on 
J~e 28th, the soil earrpler w~s broken and it was impossible to 
take eaJr];:cles of the third SIHi fourth feet, as well as samples 
froffi other plot for this day. Samples of the first and 
second feet at the upper end of plots were taken on J'lme 29th 
frem plot A-2 with another augur. Due to indications of rain 
on July 1st samples were &.180 taken from the first and seoond 
feet at the upper end of both plots. On July 3d the san:pl ing 
was continued as usual and no further troub1e of this character 
was enco1.mt6red. 
In deterrrining the pounds of water lost from the 
plots and lyeimeters, 95.6· pounds ~ce used as the average 
weight per cubic foot of the top four feet of solI. Inas-
much as the ar~a of the plots wae 500 square feet, this layer 
cont&ined 191,200 pounds of 80il. The lyeimetere contained 
764.8 pounds each. Also, 5.2 pounds wes used as the 
weight of an inch of water COVering an area one foot square. 
- - - - - - - - - - - - - - - -
·"80i1s, their properties and Management", Lyon, Fippin, and 
Buckman, p. 117. 
Ex-r.: t'rin-ental ds.ta -
-----,.- ---- -.. ~ _ ..-., -- -- -
Date Rainfall Run-cff Run-off Fun-off Erosion Erosion 
Inches C"J.. ft. Surf.In Percent Pounds Inches 
Rer::arke 
1916 
Ar:.r. 15 
16 0.50 
17-19 0.55 
~~o 0.30 
21 0.04-
26 C .08 
~".. 
~o 
1:ay 1 0.96 
3 0.31 
8 0.20 
12,13 1.14· 
14 C .04 
15 C.08 
17 
20 0.16 
21 0.05 
2~ 0.19 
27,28 1.4E 
29 1.12 
30 0.01 
31 
J1.;.ne 3 0.47 
6 1.65 
6 
7 0.24 
8 0.04 
9 0.01 
11 0.03 
14 0.03 
17 0.14 
17 
20 0.17 
21 C .03 
23 0.04 
24 0.65 
Ju.ly 4 0.04 
8 
Ie. 0.57 
19 0.04. 
29 0.09 
Aug. 1 0.03 
8 
8 0.02 
11 0.02 
13 0.01 
14,15 1.65 
16 0.01 
9.995 
8.020 
6.32,5 
o 
o 
12.341 
3.187 
0.678 
22.301 
o 
o 
o 
o 
o 
34.287 
35.850 
o 
17.162 
38.850 
3.625 
o 
o 
o 
o 
1.217 
1.998 
o 
o 
19.325 
o 
0.2345 
0.19;2,4 
0.1520 
o 
o 
0.2294 
0.0766 
0.0162-
0.5352 
o 
o 
o 
o 
o 
0.8029 
0.8603 
o 
0.4119 
0.8324 
0.0270 
o 
o 
o 
o 
o .C2:92 
0.04.80 
o 
c 
0.4640 
o 
6.327 0.1518 
o 0 
o 0 
o 0 
o 
o 
o 
37.413 
o 
o 
o 
o 
0.8979 
o 
41.87 
34.99 5C.ee 
o 
o 
30.15 
24.71 
8. ~.4 
46.95 
o 
o 
o 
o 
o 
56.36 
76.81 
C 
87.64 
56.51 
36.25 
o 
o 
o 
o 
20.87 
o 
o 
71. 38 
o 
26.64 
o 
o 
o 
o 
o 
o 
54.42 
o 
Started 
4.781 0.001,460 
includEd in 16th 
2.578 0.000,785 
o 0 
o 0 
Scrar ed 
3.285 0.000,997 
included in let 
0.298 0.000,091 
5.370 0.001,634 
o 0 
o 0 
o 0 
o 0 
o 0 
61.610 0.018,750 
included in 27,28 
o 0 
Scraped 
Scrared 
210.04.0 0.063,940 
33.680 0.010,025 
9.180 0.002,794 Cleaned plat-
included in 6th fOrtH 
o 0 
o 0 
o 0 
o 0 
2.024 0.000,C16 
Scrared 
2.~22 0.000,889 
o 
o 
15.406 
o 
11. 359 
o 
o 
o 
7.275 
o 
o 
o 
62.271 
o 
o 
o 
0.007,733 
o 
0.0('3,456 
o 
o 
o 
ScraI-ed 
0.002,214 Cleaned plat-
O form 
o 
o 
0.018,950 
o 
Tot~l sincel1.70 234.561 5.6028 48.12 424.720 0.132,089 
Kay 1, (108 days) 
79 
-
Ta.bl~_.]..j_. _ = _ f:ff ~9~ s of RJ~J!lfal.;L}lP.QB Cul ti.!~ ted Plo.!.:. 
- - - - - - - - - - - - - - - ------ - - -- - - - - - - - - - - - -
Date Rainfall Run-off Run-off Run-off Erosion Frosion Remarks 
Inches Cu. ft. Surf. In Percent Pounds Ir.chee 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - ------
1916 
Ar.,r. 15 Started 
16 0.56 9.464 0.2272 40.57 8.103 0.002,466 
17-19 0.55 6.930 0.1663 30.24 included in 16th 
20 0.30 6.204 0.1489 49.63 1. 431 0.000,436 
21 0.04 0 0 0 0 0 
26 0.08 0 0 0 0 0 
136 Spaded 6" deep 
May 1 0.96 0.042 0.0010 0.11 0.236 0.000,072 
3 0.31 ir..cluded in 1st 
8 0.20 0 0 0 0 0 
12,13 1.14 0.372 0.0089 0.78 0.002 0.000,001 
14 0.04 0 0 0 0 0 
15 0.08 0 0 0 0 0 
17 Cultivated 
20 0.16 0 0 0 0 0 
21 0.05 0 0 0 0 0 
22 0.19 0 0 0 0 0 
27,28 1.46 2.248 0.0540 3.70 9.810 0.002,986 
29 1.12 13.750 0.3299 29.46 included in 27,28th 
30 0.01 0 0 0 0 0 
Jt:ne '" 0.47 13.610 0.3267 69.51 32.800 0.009,982 t:J 
6 1.65 24.980 0.5996 36.34 2.9600 0.000,901 
6 3.930 0.001,196 Cleaned p1at-
7 0.24 1.835 0.0439 18.30 included in 6th form 
8 0.04 0 0 0 0 0 
9 0.01 0 0 0 0 0 
10 Cultivated 
11 0.03 0 0 0 0 0 
14 0.03 0 0 0 0 0 
17 0.14 0 0 0 0 0 
20 0.17 0 0 0 0 0 
21 Cultivated 
21 0.03 0 0 0 0 0 
23 0.04 0 0 0 0 0 
2·1 0.65 0.494 0.0031 1.82 0 0 Moetly plat-
fornl run-off 
28 Cultivated 
Jt;.ly 4 0.04 0 0 0 0 0 
8 Cultivated 
18 0.57 0 0 0 0 0 
19 0.04 0 0 0 0 0 
20 Cultivated 
29 0.09 0 0 0 0 0 
Aug. 1 0.03 0 0 0 0 0 
8 Cleaned plat-
8 0.02 0 0 0 0 0 fcrni 
11 0.02 0 0 0 0 0 
13 0.01 0 0 0 0 0 
14,15 1.65 18.3E9 0.4409 26.713 30.718 0.009,349 
16 0.01 0 0 0 0 0 
Total Birrell. 70 75.695 1.8060 15.53 82.256 0.024,676 
May 1, (108 days) 
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Plot.--l=.2 f>sraped 
Date 1st 2nd 3rd 4th 
foot foot foet foot 
1916 
April 26 18.43 24.65 19.53 19.86 
29 16.99 24.10 20.20 19.79 
May 1 21.41 22.69 22.69 22.35 
3 22.28 25.50 23.05 22.29 
6 19.41 24.15 19.53 21.99 
10 18.53 25.68 21.63 20.62 
13 20.35 24.29 19.76 19.78 
17 18.77 24.38 20.59 20.28 
20 17.29 23.32 19.22 1S.91 
24 17.62 24.38 22.58 19.45 
29 20.51 25.23 20.78 20.68 
31 18.68 24.71 21.39 20.70 
June 3 17.23 22.57 18.26 17.32 
July 
Aug. 
- - -
7 22.31 25.36 20.51 19.69 
10 19.87 25.56 20.88 19.77 
14 19.13 24.72 20.04 21.01 
15 18.79 25.02 19.97 19.69 
17 16.91 25.19 20.47 20.55 
21 16.47 24.74 19.63 19.89 
24 17.52 25.70 20.84 20.82 
29 15.56 24.28 * • 
1 13.62 23.41 
3 14.27 25.49 
8 13.70 24.97 
12 12.78 24.11 
15 12.71 24.41 
18 15.21 25.41 
20 12.87 25.37 
22 13.19 24.66 
26 13.06 24.64 
29 13.94 25.00 
5 11.75 24.18 
9 · 12.44 25.33 
• • 
21.56 21.58 
20.5:3 20.07 
21.07 18.56 
20.23 19.09 
21.86 21.08 
20.13 19.84 
18.66 20.34 
19.00 20.67 
21.29 20.22 
19.49 18.65 
19.73 19.26 
12 11.84 21.84 20.18 20.37 
14 15.34 23.29 19.07 18.82 
16 14.76 17.51 16.65 15.00 
- - - - - - - - - - - -
Total mean 
Plot B-2 Cultivated 
1e:r-- 2nd---3rd- - - 4th 
foot foot foct foot 
20.07 23.95 21.64 22.58 
17.15 25.07 22.44 19.65 
22.48 22.38 22.95 21.14 
23.61 24.61 22.44 19.59 
21.31 23.70 21.27 20.04 
19.58 24.18 22.28 19.78 
23.50 28.97 22.14 19.50 
21.01 25.24 22.79 21.64 
20.29 24.23 22.45 19.98 
19.87 26.05 22.04 18.03 
24.37 26.71 21.35 18.95 
22.22 26.18 23.10 19.60 
19.18 19.53 17.18 12.60 
24.84 28.23 23.93 19.71 
21.58 24.77 21.78 17.81 
17.37 20.33 19.29 16.94 
20.95 24.32 21.99 19.24 
20.06 24.80 21.25 20.25 
18.51 23.01 21.50 19.57 
21.60 24.46 21.39 20.62 
17.84 23.99 20.75 19.25 
15.15 18.94 * • 
17.00 24.95 21.89 20.36 
16.49 24.99 21.73 19.24 
15.77 24.37 22.64 19.79 
16.63 25.08 21.34 20.49 
18.76 24.27 22.27 20.22 
16.94 23.28 21.38 20.29 
17.88 25.13 21.29 20.14 
16.32 24.93 21.09 19.53 
15.57 23.38 22.78 18.38 
15.15 23.91 22.92 20.47 
13.39 24.21 24.01 21. 31 
12.84 19.78 16.86 16.60 
21.94 24.12 20.13 21. 45 
20.96 25.08 23.06 20.79 
- - - - - - - - - - - - - -
aver~ge 16.54 24.38 20.35 20.00 18.53 24.20 21.70 19.59 
for Season 
- - - - - - - - - - - - - - - - - -
• See footnotes bottom of Tables 15 and 16. 
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Average Average Amount Total loss Loes 
Plot Moisture Moisture Rainfall Including Exclusive 
Content Content penetra- absorption of 
May 1st Aug. 14th ins 60i1 absorption 
- - - - - - - - - - - - - - - - - - - - - - - - - -per cent per cent inches per cent per cent 
Scraped 22.29 19.13 6.10 3.16 11.47 
Cultivated 22.24 21.91 9.90 0.33 12.41 
- - - - - - - -
.-
- - - - - - - - - - - - - - - - - - -
• Calculated upon basis that no moisture was lost thru percolation. 
Table 19. - Moisture cor.ditions in s011 a.!ter six weeks of 
dry i ng w~~~P~:-J~i:Z5j;h-to-'~rUt:U8'r 4t~-~-------
Depth of Section Plot A-a Scraped Plot E-Z Cultivated 
- - -
- - - - - - - - - - - - - - - - - - - - - - - - - - -
Feet Inches Per cent Per cent 
r-3 6.C5 7.90 1. ...• 3-6 9.79 14.19 6-9 15.55 14.53 
9-12 18.40 17.28 
t'-15 24.02 22.77 2 ..... 15-18 25.14 25.85 
18-24 23.45 23.38 
Ave. 1-12 11.19 13.50 
Ave. 12-24 24.20 24.CO 
- - - - - - - - -
- - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - -
Taken ncar Lysim-
Depth of section eters at begin-
ning - Apr. 24th 
Taken from Lysim-
eteI- A (scraped) 
Aug. 8th 
Taken from Lysim-
eter E (cultivated) 
Aug. 8th 
- - - - - - - - - - - - - - - - - - - - - - - - - - -
Feet Inches 
1 ...... !t~ 
6-9 
9-12 
2 .... "112-15 
15-18 
16-24 
Average 1-18 
12-24 
24-36 
36-48 
Mean Average 
Difference· 1-12 
12-24 
24-r36 
36-48 
Per cent 
21.64 
25.CO 
25.00 
20.70 
23.085 
Per cent Per cent 
9.09 6.67 
16.28 11.91 
16.31 11.83 
16.41 17.02 
19.35 18.00 
23.94 22.08 
25.33 27.78 
14.52 11.86 
22.87 22.62 
18.94 24.91 
21.00 18.Z9 
19.44 19.42 
-7.12 -9.78 
-2.13 -2.38 
-6.06 -0.09 
+0.30 -:3.41 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
.. E::;.ua1s difference in moisture content of the respective foot 
sections of soil at the beginning and end of experiment. 
(May 10th to Aue· 8th, incl. ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Average Average Rainfall Total 10s8 L088 
Lysin:eter Moisture Moisture dur~n~ from soil Exclusive 
content content perla ino1udir..g of 
at at rainfall rainfall 
beginning end 
- - - - - - - - - - - -
- - - - -
- - - - - - - - - - - - -
Per cent Per cent Inches Per oent Per cent 
Scraped 23.085 19.44 8.54 3.645 16.615 
Cu1tiva.ted 23.085 19.42 8.54 3.665 16.515 
- - - -
- - - - - -
- - - - - - - - - - - - - -
- -

As will be observed from Tables 13 and 14 the plots 
checked wi tb each other with reasonable cloaenes 8 during th e, 
preli~ir.ary period. With a rair.fa11 of 0.56 ir.ches the day 
following the begir.ning of the experi~c nt, 41.87% ran off the 
A-l plot, while 40.57% ran off of B-1. On April 20th, 0.30 
inches fell, with run-off of 50.68% and 49.63%. The amount 
of soil eroded did not check so closely, however, in each case it 
accomFanied the largest run-off. 
Table 13 gives the results of rain falling upon the 
scraped plot. With a rainfall of 11.70 inches, occurring within 
a period of 108 days, almost one-half (5.60 inches) was loss 
by surface run-off. The ratio of rair.fall to run-off being 
48.12% The erosion totaled 424.721 pounds, a layer of soil 
0.132 inches in de:pth ov ~' r the entire surface araa of the plot. 
The MCunt of run-off varied directly with the amount of rain-
fall, the rapidity with which it came, and the surface condition 
of the solI. In every instance where the rainfall totaled an 
inch or more, the run-off exceeded 50~ I , except on May 12th when 
the per cent of run-off was 47.95% which may be accounted for by 
the extended pexdod during whioh it fell. The highest per cent 
occurred June 2nd when 87.64%. of the rainfall was caught as run-
off. The rainfall amounted to only 0.47 inches, but it came 
with a dash and fell within a limit of 36 minutes, from 6:Zl a.m. 
ur.til 7:07 a.rt. In striking contr~st to ttie, on July 18th with 
a rainfall of 0.57 inches falling during a period of 2 hours and 
17 minutes, only 26.64% ran off, and likewise the amount of ero-
sion was a great deal less, abcut one-twentieth as much. Lese 
ttan 0.10 inches of rainf~ll produced no run-off. 
Much de;,ended upon the condi tlon of the soil as 
whether it was wet or dryas to the run-off. On May 8th and June 
7th the rair.fall ws.s C. 20 and 0.24 inches respectively. The 
run-off from the fornler '.vas 8.14% and the latter 36.25%. Both 
preceded. by a rainy pericd,but in the c&.se of the latter it w&.s 
r:ore extended. On May 20th and Z2nci with rair;falls of 0.16 and 
0.19 inches no run-off occurred~ the period }::reced i nt; beir..g dry. 
There are undoubtedly cases, particularly where the rainfalls 
in a short tirre, that a dry soil wouJd absorb less than one 
wtich was moist but net saturated at the surface. 
Table 14 ~ives the results of rain falling upon the 
cultivated plot. A striking difference i8 noticed in the 
results as co~pared with the scraped plot. Only 1.8080 sur-
face ir.ches was cau ~:ht as run-off d1..l.ring the rerled of 108 
daye. The ratio of rainfall to run-cff be:ng 15.53%. The 
erosion totaled 82.256 pounds or about one-fifth the ar~ount 
that occurred on the scraped plot. The amour.t of run-off vari-
ed directly with the amour.t and the rar-idity of the rainfall, 
altho, not eo closely as in tte case of the scraped plot. The 
nl&,ximt:m run-off w~s 69.51%, occurring on June 2nd wher.. the dura-
ticn of the rainfall was 36 minutes. With this excepticn the 
run-off never exceded 37%. The run-off was practically nil 
from rains lese than one inch, especially when soil was not com-
\vere 
pact and wet frcm a previous rain. The erosion varied directly 
with the runoff. The sesson beinG dry, the rainfall was 
never sufficient to give much run-off on the cultivated plot. 
It is very probable tbat had the rainfall at times been very 
heavy the erosion on the cultivated plot might have greatly ex-
ceeded that on the scraped plot. 
The moisture conditions in the soil on the different 
days of saD'Jpling are shown in Tables 15 and 16. Table 17 gives 
the average of the first-foot, second-foot, third-foot, and 
fourth-foot samples of each plot on the respective days of sam-
pling, as well as the mean average for each foot thruout the 
period. 
As is clearly shown by Plate IX, page 84, the sur-
face foot of the cultivated contained consl~erable more moisture 
than the scraped one, which is proof that the decreased run-off 
in the case of the cultivated plot was noticeably affecting this 
lay'2 r. The fluctuation of both curves due to rainfall and 
evaporaticn are almost identical. Both vary with small amounts 
of rainfall. From the beginning until June 15th both were 
considerable above the average. Thereafter, there was a 
gradual decrease due to the continued dry spell until the rain 
of August 14th when both increased. The rain of July 18th 
caused the amount to in~rease in the surface foot of both plots, 
but caused little 0= no effect on the lower layers. The mean 
seascnal average was 16.54% for the scraped plot and 18.53% for 
the cultivated plot. 
The moisture in the second-foot layers of soil did 
not fluctuate nearly as much as in the surface foot, which goes 
to show the< t the rair:fall and evapora.tion changes did not affect 
it ne~rly as much as th~ surface foot. This lay~r in both 
plots contai!:ed by far the most moisture, contair:ir..g at times 
as much as 28% to 29%. and rarely falling below 20%. The mean 
average was 24.38% for the scraped plot and 24.20 for the culti-
vated plot. 
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The third-feot layers varied still less than those 
of th ,~ t3(3coni. Thruout the season they were nearly constant. 
o~ J~~e 3rd the samples for all the feet were low which is un-
e~lainable unless POSSibly~to an error in drying. The 
mean seasonal average was 20.35% for the scr~ped plot and 21.70% 
for the cultivated plot. The latter being 1.35% gre~ter. 
The curves of the fourth fee.t run ne2~rly in unison varying 
slightly from the avsr~ge. The mean average for the scraped 
plot 'lIas 20.00% and 19.59% for the cultivated .DlOt. The 
long dry spell during the summer had no particular effect upon 
lowering the moisture content of the three lower layers beloit the 
seasonal average. The cultivated plot contains the most moisture, 
and rr.ost of th~t is in the firat a.."ld third-foot layers. 
The total percent~3e loss from the top four feet 
for both plots bet '~een May 1st and August 14th, inclusive, is 
shown in Table 18. The fact that there is such a great difter-
ence in the raadines of tha scraped plot is due to the fact 
that the run-off was hieh on the scraped plot. In the case of 
the cultivate! plot 3.80 inchea more rain penetrated the soil 
than did in th~ scraped plot. 
Table 19 showe the condition of moisture within the 
SOil after six weeks of very drying weather. In order to 
obtain a representative swnple from which to make the moisture 
determination, a compOSite s~ple of soil taken from three difter-
In the surface three inches there was 1.85% 
more moist'.ll'e in the cultivated plot than in the scraped plot. 
Fr~m three to six inches the cultiv~tei plot containei 4.10% 
mo r e !r.O i s t ur e • From six to nine inches they were about equal, 
there beine a sliZht peroentage in favor of the soraped plot. 
The percentages of moisture in the other depths were nearly the 
same. The avera~e per oent in th~ surface foot of the scrap-
ed plot was 11.19% and in the cultivated plot 13.50%, 2.31% 
mora moisture in the latter. The seoond and third feet of 
both showed they were practioally equal. 
During this tin.e 0.77 in~hes of rain fell, all of which 
occurred in five light showara. The largest was 0.57 inches 
on July 17th. The b~lance came in four showers of 0.04, 0.04, 
0.09, and 0.03 inohes respeotively. The mean temperature was 
81.5 degrees F., the total evaporation from free-water-surface 
12.17 inches, and the mean hourly wind velocity 1.88 miles. 
There was no peroolation thru the lysimetera during 
the period of their operation. All the rain which feel entered 
the soil and was either lost by evaporation or retained in the 
soil mass. The moisture oontent of the soil before it was 
enoa.sed, as well as the moisture oontent near the end of the 
experiment, is shown in Table 20. Lysimeter A shows a higher 
peroentale of moisture than B in each of the 3-inoh samples ot 
the surfaoe foot except the laat. The average for the entire 
foot was 2.66% in favor of A. I,' the seoond foot, samples 
18-15 and 15-18 inches 1n A contained more moisture than those 
of B, however, the layer from 18-24 inohes in B contained 3.45~ 
more moisture th~n A. The aVE'rage for the entire foot was 
slightly in favor of A. The third foot of B contained 5.97% 
more rr.oiature than A. In the fourth foot A contained 3.71% 
more moisture than B. The averagee for the entire columns 
were prQ.oti(~9.1ly equal, 19.44% in A and 19.42% in B. In 
Table 21 th~ afficunt of moisture that haa been losa due to eva~-
ation is shown. The striking thing is that the loss from both 
lysimeters~ irrespective of the condition of their surface, ia 
practically equal. If anything the oultivated lysimeter lost 
slightly more moisture than the scraped one. The total loss 
inc1u1ing rainfall was 3.645% from A, and 3.665% from B. The 
total rainfall for this period, May 10th to August 8th inc1ueiv!, 
was 8.54 inches, and the evapor~tion from the free-water-sur!ace 
was 22.365 inohes. 
Tabel 22 gives the daily preoipitation, daily wind 
velooity, and daily evaporation from a free-water-surface. The 
total rainf~ll from May 1st to August 16th ino1uaive, was 11.70 
inches; the mean average wind velooity was 2.71 miles per h:,ur; 
and the total evaporation was 26.053 inohes. The greatest 
rainfal~ occurred during the month of May~ totaling 5.72 inches, 
the smallest during July when 0.74 inches fell. The maximum 
rain, 1.65 inchea~ fell on June 6th. The loneest period 
without r~n was 13 daya~ from July 5th to 17th. From June 
25th to August 14th only 0.83 inchBa fell which was one of the 
longest dry periods ever o:currinl in this region. 
The wind reached its highest mean h ~urly velocity 
during April, an avera;e of 4.67 miles per hour. During May, 
Jur.e~ July, and August, the average ~ean hourly velocities were 
practic~lly equal. The maximu~ mean hourly velocity for one 
day occurred on April 21st, the mlni~um on June 4th, it being 
3.5 miles on the former date and 0.4 miles on the latter. 
The largest evaporation occurred during July, the 
month of least rai~fall. 9.443 inches evaporat~d, OV9r 12 
times the amount of rainf~ll during this ffionth. The 1e~st 
occurred during April. EV3ry month the evaporation exceed-
ed t~e rainfall except during May when the rainfall was the moat 
by 0.27 inchea. 
Di scussiop of Reaul ta -
The results obtained from the field e~)eriments show 
several interesting things. The relation of rainfall to r~~­
off is affected very noticeably by the 9urface condition of 
the 80il. The condition of the Burf~ce is the important 
factor in controlling run-off and erosion, thus Lncreasing or 
decreasine the moisture content of the productive layers of 
soil and the great waste of the humus layer of 80il. The 
run-off was over three times as gre~t and the erosion five times 
as much on the scraped plot as upon the cultivated plot. 
Next to the condition of the surface in controlling the rur.-off, 
is the amount and rapidity of the rain. If large or small 
amounts come suddenly, not giving the soil time to absorb it, 
most of it runa otf and is of j i ttle a.vail. . When it comes 
slowly, moat of it is absorbed. The power of absorption de-
;enliing directly upon the surface, the more com~act the surface, 
the sooner the water starts running upon the surface an~ leaves 
the soil as run-off. This seems and no doubt is a great 
function of the duet mulch. 
The results obtained from the lyaimeters, as well 
as the moisture conditions of the 8011 after six weeks of 
drying weather, would clearly indioate that very little water 
ia being lost by evaforation thru capillary action. In the 
case of the lysimet€re where the entire rainfall entered the 
ao11, the eVal)Orati 'Jn lossee were practic'illy equal under both 
conditions. 
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There W3..S a greater decrease in the moisture con-
tent in the layers of the scraped plot than from the cultiva-
ted p10t l however, which is clearly and conclusively explained 
by t~e fact that more rain penetr~ted the cultivated plot to 
replenish the loss due to the continued evaporation. 
The curves showing the variation of moisture within 
tne different foot layers are proof th~t the great loss of 
moisture by evaporation is occurring in the . surf;:1,ce foot of 
both plots irrespective of their surface condition. The 
second foot contained an abund.ant and const<:mt supply of mois-
tm' e irr~apective of the decreasing supply in the first foot. 
It wo uld seem that if capillarity was an important 
factor in controlling the eva90r~tion loss, and if the mulch 
serves as a means of controlling evaporation losses, that 
the moistu.re content of the scraped soil should have been more 
noticeably affectei during the dry period. This was an 
idaal condition under which to operate, little rain~ low 
humidity, and ~ hi~h mean temperature. 
From the results one must conclude th~t capillarity 
~laya a very minor part in the evaporation losses of the 
soil where the w~ter-table is far below the surfacej and, 
that the great importance and significance of surface mulch, 
exceptine as it affects weeds, is not that the evaporation is 
controlled thru the breaking of capillsxy tubes, tut that 
it r-1aces the surface in a con!ition such that it may absorb 
r~in m03t readily. Surface mulching and cultivation, other 
tns.n killins weeds, should be given with the aim of keeping 
the surface in ~a ideal condition aa possible for absorbing 
the rain that falls. By 60 dOing the moisture content of 
the Boil is not only repleniahed and increased, but the great 
loas due to erosion is impeded in a large way. 
SUMMARY AUD COHCLUSIONS • 
••••• 
Capillary studies were carried on under laboratory 
conditions with Z~foct, 4-foot, and 6-foot cylinders of soil 
in duplicates with their b~sea in standing water. There was 
a constant and perfect movement of water thru the Z-foot cy-
linders, the evaporation loss being pr~ctic~lly e~ual to the 
water-table lose. The movement thru the 4-foot cylinders was 
not regular, and the evaporation loas was considerably more 
than the water-table loaa. The loaa from the 6-foot cylinders 
was in gre~t excess of the amount that moved up into the cy-
lin~er from the wat er-table. The results clearly showed that 
the depth of water-table was a deciding factor upon the rate 
and amount of wat?-r lost by ca;illarity, the loes thru capil-
larity decreasing with de~th of water-table and beine almost 
negligible at 6 feet. 
The stu1y of gr~vity as a factor in preventing soil 
ffioiature from returning to the surface after it has passed thru 
CA ....... i-t.o .... -t 
the surface foot of soil was 8t~ied by taking two 6-foot cylin-
ders of soil and allowing one to loee moisture in an erect po-
aition while the other was inverted. By taking samples at reg-
ular intervals thruout the length of the cylinders, the effects 
of gravity were determined. The loss from the ereot cylinder 
"as greatest at the surface and gradually lncre~aed until the 
le~st w~a lost in the bottom layer. The loso from the in-
verted cylin~2r w~a more or lesa const~t thruout ita entire 
length. There seems to be little doubt that gravity 18 play-
lng a far more import~t part in removing 80i1 moistur2 and in 
controlling its movements than haa commonly been believed. 
From two enclosed plots, cne ecra;ed and one cultiva-
ted, 500 square feet in area, and eituat~d on a bill with an 
incli~ation of a~proximately 4 1/2 degrees, 48.12% of a total 
rainfall of 11.70 inches 1:9' :;1.8 cau,sht as run-off from the former, 
and 15.53% from t~e latter. The eroaion re9ulting was 424.72 
pO~~d6 in tne case of the scraped plot and 82.26 pounds from 
the cultivated plot. 
Tl1e eva.pcratlon losaes of the plota as influenced by 
the con1ition of the surface seem to be negligible. The 
far more ia;port .~nt function of the mulch seems to be in the con-
trol cf the run-off and erosion. Thru the use of the mulch 
the surface i3 kept in a better condition for absorbing water. 
The moi8t~re content of the layers of soil below the secon~ 
foot were ne2..rly co:u~tu.nt thruout the sazr;pling studies, which 
indicates that very little lOBS is occurring from them thru 
capilla.rity and evaporation. 
It seems almost conclusively demcnstrated that the 
moisture is lost from t~e soil under average conditions witb 
a water-tab1~ several feet below the surface, not thru the ai~ 
of capillarity, but in a gaseous state as water vapor, this 
'loss being greatest from the surface foot and decre ;lsing rapid-
ly do wnw:..rd • 
If the above conclusions are correct, the value of a 
[4u1ch in regions where the water-table is deep haa been over 
emphasized 80 far as preventing the eV!oi.poration of moisture is 
concerned. Further, the cultural methode that have been use~ 
supposedly to decre:ise the capillary rise ot mOiatcre, probably 
assist mainly in c~uainz a greater water absorption. 
o. 1. - Soil Oylinders u d in 
E ri ent I on 1 tform in gre nhou 
·0. 2. - Soil cylinder used in Experiment II. 
~ g surface conditions. 
No. . - Looking st cro B fi 1 lot. 
pparatus in fore ground. 
eather 
No.5. - Lo r nd of fi Id plots. sho ing 0 tohing appa-
r tu for run-off, an lysimeter. 
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